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QUANTITIES OF ZOOPLANKTON AND 
PROPAGATION OF CALANUS FIArMARCHICUS AT 
PERMANENT STATIONS O N  T H E  NORWEGIAN 
COAST AND A T  SPITSBERGEN, 1959  - 1962 
BY 
ULF  LIE^ 
Fiskeridirektoratets Havforskningsiilstitutt 
INTRODUCTION 
Zooplankton has been collected at permanent oceanographic stations 
along the Norwegian coast since 1948. The purpose of these long-range 
plankton studies is mainly to follow the annual and seasonal changes in 
the food conditions for plankton-feeding fishes. Also, the samples provide 
material for an analysis of the abundance of eggs and larvae of commerci- 
ally important fishes in Norwegian coastal waters. 
The permanent stations were originally Sognesj~en, Ona, Skrova and 
Eggum (Fig. 1). Skarsv%g and Kongsfjorden at Spitsbergen were added 
in 1955 and 1957; the sampling at Ona was abandoned in 1957. Since 
1948, zooplankton has also been collected at the weather ship "M" at 
66"N, OZOE in the Norwegian Sea. 
The hydrographical conditions at the various stations are representa- 
tive of the conditions in the Norvegian coastal water at the corresponding 
latitudes. Hydrographic data from the permanent stations have been 
collected simultaneously -cvith the zooplankton and processed at the hydro- 
graphy section of the Institute of Marine Research, Directorate of 
Fisheries. 
The zooplankton was completely identified and counted from 1948- 
1951 (WIBORG 1954), but has since been less thoroughly analyzed. The 
emphasis has been on measuring displacement volumes, the dominating 
species of zooplankton have been noted, and fish-eggs and larvae have 
been identified and counted. Since 1959 the percent composition of devel- 
opment-stages of Galanus finmarchicus has also been estimated. 
WIBORG (1954) described the annual and seasonal changes in the 
quantities of zooplankton at the permanent stations from 194.8 to 1951. 
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Fig. 1. Permanent zooplankton srations (from WIBORG 1958). 
He also discussed the coinposition of the zooplankton and various aspects 
of the biology of the important species. The quantity of zooplankton at 
the permanent oceanographic stations until 1958 was reported by WIBORG 
(1958 and 1960). 
The current paper reports on thc zooplanktoll quantities and the pro- 
pagation of Calnnus fi?zmnrchicus at Sognesjoen, Skrova, Eggum, Skarsviig, 
and ICongsfjorden during the period 1959- 1962. 
MATERIAL AND METHODS 
The present report is based on 734 samples from five stations. The 
material from Skrova is by far the most complete, averaging more than 
eight samples per month, while the average for the other four stations 
is less than four. 
The majority of samples were collected with Nansen-nets with mouth 
diameter 70 cm and mesh size 0.2 mm. In  1961 and 1962 this gear was 
replaced by Juday-nets with 40 cm diameter in the upper ring, and the 
same mesh size as the Nansen-nets. When calculating the volume of 
zooplankton per square meter of surface, it has been assumed that the 
catch per unit area was the same for the Nansen-nets and for the Juday- 
nets. 
Two samples were taken per station per sampling date: one sample 
from the 50-0 m layer, the second from the bottom to the surface. All 
the samples were preserved in 5- 10 percent formalin. 
The volume of the zooplankton was measured by the displacement 
method (WIBORG 1954). Presence of large quantities of phytoplankton 
may rcduce the accuracy of the measurements considerably by clogging 
the sieves, but by washing the samples thoroughly before measuring 
volume, most of the phytoplankton can be removed. 
The volumes of zooplankton per square meter of surface have been 
calculated and the monthly means of these values are presented in Figs. 
2 -6. 
The propagation of Calanus finmarchicus has been studied by deter- 
mining percentage distribution of the first 100 Calanus copepodites 
counted when examining the sample under a dissecting microscope. 
This method probably does not meet the requirements for random 
sampling; therefore, the data have not been used for any statistical evalu- 
ations. The bias introduced by the method of subsampling does not 
permit much emphasis on single observations of stage distribution, but 
demands consideratio11 of trends in large numbers of samples. 
The percentage developmental stage distribution as monthly means 
averaged for the years 1959 - 1962 at the various stations is presented in 
Figures 7-10. 
VOLUMES OF ZOOPLANKTON AT THE PERMANENT STATIONS, 1959-62 
Sognesjwen (Fig. 2)  
Very few samples are available from this station, a circumstance 
which makes the study of seasonal changes in the biomass uncertain. 
The spring increase seemed to start in April, the maximum was reached 
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Fig. 2. Monthly mean totalvolumes in ml/m2 of zooplankton at Sognesjoen, 1959-1962. 
in April or May. A second, less pronounced peak could be detected in 
July - August. 
WIBORG (1954, 1958, 1960) found the same general trend in the sea- 
sonal variations in biomass of zooplankton, and his data reveal consider- 
able variations from one year to another. However, WIBORG also had 
relatively few observations from this station, which may account in part 
for the variations. 
Skrova. (Fig. 3) 
The quantities of zooplankton in the 50-0 m samples were very poor 
during the first three months of all the years investigated. The spring 
increase was observed from the middle of April, and for all years two 
significant peaks were found; one in May and one in June. A third, less 
pronounced peak occurred in September-October. 
Fairly high densities of zooplankton were observed all year round in 
the 300-0 m samples. 3). The minimum was found in March, and the 
same three peaks occurred as in the 50-0 m samples. The two separate 
peaks in May and June are not revealed by the monthly mean values 
per m2. 
From February on, an increasing proportion of the zooplankton was 
found in the upper 50 m layer, and during April, May, and June, more 
than 50% of the total standing stock occurred in this layer. The relative 
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Fig. 3. Monthly mean total volumes in ml/m2 of zooplankton a t  Skrova, 1959-1962. 
density of zooplankton in the 50-0 m samples was also prominent during 
the peaks in September-October 1959 and 1961, but not in 1960. From 
October the amount of zooplankton in the upper 50 m layer decreased 
rapidly, and during December and January less than 5% of the total 
biomass was found in this layer. 
The variations in zooplankton volumes per square meter of surface 
from 1959 to 1962 (Fig. 3) correspond largely to those observed by 
WIBORG (1954, 1958, 1960). He demonstrated that considerable changes 
may occur at this station from one year to another as regards time for 
the peaks and the mean annual richness of zooplankton. 
Eggum. (Fig. 3) 
The spring increase in the 50-0 m samples at this station was always 
found in April, reaching a niaximum of volume in May. In 1960, no 
other peaks were found, whereas a second peak occurred in August 
1961 and June 1962. 
The 200-0 m samples from 1960 revealed peaks in May and early 
July, and a slight increase in October. (Fig. 4). The same pattern was 
found in 1961, but as no samples were collected later than September, 
Fig. 4. Monthly mean total volulnes in ml/m2 of zooplanktoll at Eggurn, 1960--1962. 
an eventual third peak could not be detected. Also in 1962 the spring 
maximum in the 200-0 m samples was found in May, and a second 
peak seemed to occur at the end of June. 
The zooplankton density in the winter season from September to 
April was extremely poor and no significant difference between the 50-0 
and the 200-0 m samples was found. During the summer season, how- 
ever, the volumes of the 200-0 m layer were considerably higher than 
the volumes of the 50-0 m samples. 
M T ~ ~ o ~ ~  (1954, 1958) found largely the same pattern, and he empha- 
sized the extensive variations from one year to another. 
SkarsvRg. (Fig. 4) 
The spring increase in the 50-0 m samples was observed from April- 
May. The maximum was as a rule found in July, but in 1962 it occurred 
as early as the middle of June. A small second peak could be detected in 
August -September 1960 and 1961. The volumes of the 260-0 m samples 
followed the same pattern. 
The main part of the zooplankton seemed to be concentrated in the 
upper 50 m during the first half of the year, while the relative density 
of zooplankton in this layer decreases after the spring maximum when the 
plankton descends for overwintering in the deeper water layers. 
Fig. 5. Monthly mean total volumes in ml/m2 of zooplankton at Skarsvig, 1959-1962. 
J A ~ H N O V  (1939a) found, at a corresponding latitude in the western 
Barents Sea, a minimum of zooplankton in March and a maximum in 
August, and no second peak was observed. 
Kongsfjorden (Fig. 6) 
The scarcity of samples from this station prevents a complete discus- 
of the seasonal variations in the biomass of zooplankton. The spring 
increase started in June, but no general trend in the occurrence of the 
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Fig. 6. Monthly mean total volumes in ml/m2 of zooplankton at Kongsfjorden, 
1959-1962. 
maximum was revealed. Ilowever, high amounts of zooplankton were 
found from July, until the sampling was ended in October -November. 
Up  until June the main part of the zooplankton seemed to be concen- 
trated in the upper 50 m, but from July onwards, the relative importance 
of the biomass of this water layer decreased steadily. 
According to M~IBORG (1960) the highest volu~nes of zooplankton were 
found during the last half of the year, both in 1957 and 1958. 
PROPAGATIONS OF CALANUS FINMARCHICUS AT THE 
PERMANENT STATIONS, 1959-1962 
Sognesjuen (Fig. 7 )  
The complete picture of the propagation of CnlnnusJinma~chicus at 
Sognesj~en is rather uncertain due to the scarcity of samples. However, 
during all the years investigated there was a maximum of females at the 
end of February or the beginning of March, followed by high percentages 
of young copepodites during March. The main spawning evidently must 
have taken place in the first half of March. The percentage distribution 
of females, males, and young copepodities during the rest of the year 
indicates, as shown in Fig. 7, that spawnings also took place in early 
June and August. 
High percentages of the copepodite stage V during summer and fall 
in the 200-0 m samples, indicate that only part of the spring generation 
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Fig. 7. Variations in the percentage distribution of males, females and copepodite 
stages I-V of Calanus finmarchicus at Sognesjaen. Monthly mean figures 1959-1962. 
reaches maturity and spawns the same year, while the main part of the 
stock stays in the deeper waters as copepodite stages IV and V until 
next spring. 
Three spawnings of Calanus finmacrlzicus in coastal waters of south- 
western Norway have been recorded by several authors (RUUD 1929, 
RUNNSTROM 1932, GUNDERSEN 1953, and WIBORG 1954), and WIBORG 
could even demonstrate that a fourth spawning occurred in 1949. WIBORG 
calls the spawning in March the "main spawning" and the later spawnings 
6 G minor spawnings", by which he probably implied that, as stated above, 
only a part of the spring generation takes part in the two latest spawnings. 
However, as WIBORG based his terms "main" and "minor" spawnings 
on percentages, they do not reveal which of the spawnings actually was 
the most important because this will depend on the total number of 
animals present. I n  spring during the first spawning the stock is very small 
and, even if 100 percent of the population 1-eaches maturity and spawns, 
the number of Calanus produced may still be smaller than the number 
produced by a lower percentage of adults in the autumn when the Calnnus 
stock is larger. The percentage distribution of the development-stages 
does not therefore necessarily reveal the importance of the spawning. 
However, the spring spawning at all stations was followed by a sharp 
increase in the zooplankton biomass (Figures 2-6) which indicates that 
the first spawning really is the main spawning in the sense of production 
of new animals. 
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Fig. 8. Variations in the percentage distribution of males, females and copepodite 
stages I-V of Calanus finmarchicus at Skrova. Monthly mean figures 1959-1962. 
Symbols as in Fig. 7. 
Skroua (Fig. 8) 
During all the years investigated the maximum of females was found 
in the middle of March, and the corresponding copepodite stages I and I1 
occurred from the end of March with a maximum in the middle of April, 
which indicates that the main spawning took placc in the last half of 
March. ,4 second peak of females occurred in June-July and high per- 
centages of copepodite stages I and 11 were present from the middle of 
July, from which one may conclude that a second spawning of Calanus 
fi?zmarchicus occurred in the first half of July. Fig. 8 indicates that some 
spawning may also have occurred in October. 
High percentages of the copepodite stage V in the 300-0 m samples 
indicate that only a part of the spring generation spawned the same 
summer. 
These results are in good agreement with MTIBORG (1954), who stated 
that Calanus finmarclzicus at Skrova spawned in April-May and in July- 
August. He also suggested that a minor spawning must have occurred in 
June. This suggestion was, however, built only on the occurrence of a 
small number of nauplii, and could not be followed through the cope- 
podite stages. 
Eggum (Fig. 9 )  
No samples from March 1961 and 1962 are available, but the occur- 
rence of the copepodite stages I and I1 in April both years indicates that 
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Fig. 9. Variations in the percentage distribution of males, females and copepodite 
stages I-V of Calanus finmarclzicus at Eggum. Monthly mean figures 1960-1962. 
Symbols as in Fig. 7. 
the maximum of females must have been in March, which was the case in 
1960. A second peak of females was found in June-July of all the three 
years investigated. Both maxima of females were followed by high percen- 
tages of the copepodite stages I and 11. High numbers of young Calanus 
Jinmarclzicus were also found in September without a preceding peak of 
females. The material from Eggum 1960-1962, may then lead to the 
conclusion that there are two spawnings of Calanus per year; one in 
March and one in June-July. The young copepodites found in Sep- 
tember may have been transported into the area from nearby popula- 
tions, as suggested by WIBORG (1954). According to WIBORG there were 
three spawnings of Cnlanus at Eggum; in April, June and August-Sep- 
tember. However, also in this material the last maximum of young 
copepodites was not preceded by a peak of females. 
Skarsvdg (Fig. 10) 
A maximum of females occurred each year in March-April, followed 
by high percentages of the copepodite stages I and I1 in April and May, 
so the spawning probably took place mainly in the first half of April. 
A second spawning occurred in July, as high percentages of females 
were found in July and the copepodite stages I and I1 in August. 
High percentages of the copepodite stage V in the deeper water 
during the second spawning indicate that the spawning was of minor 
importance. 
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Fig. 10. Variations in the percentage distribution of males, females and copepodite 
stages I-V of Calanus finma~.chicus at SkarsvBg. Monthly mean figures 1959-1962. 
Symbols as in Fig. 7. 
No previous investigations on the propagation of Calanus fin~narchicus 
from a comparable latitude in Norwegian waters have been made. 
According to YASHNOV (1939b) and MANTEIFEL (1939) there is only 
one spawning of Calanus per year in the southern Barents Sea and in the 
waters off the west Murman coast. However, according to MANTEIFEL 
(1941), copepodite stages 1-111 are found in some years from July to 
September in the Barents Sea without a preceding abundance of adults. 
MANTEIFEL concluded that these young Calanus were brought into the 
Barents Sea from Norwegian coastal waters, which supports the conclu- 
sion in the present paper that there is a second spawning in July in 
northern Norway. 
Kongsforden 
The scarcity of samples from this station allows no conclusioils about 
the propagation of Calanus finmarchicus. The material indicates, however, 
that there is only one spawning per year and that no spawning takes 
place in the second half of the year. 
DISCUSSION 
At all stations along the Norwegian coast there were two pronounced 
maxima of volumes of zooplankton per year, while Icongsfjorden at Spits- 
bergen showed only one maximum. There was a significant delay in the 
occurrence of the spring maximum with increasing latitude, ranging from 
April at Sognesj~en to July at Skarsv&g. A similar trend for the occurrence 
of the second peak could not be detected. 
A complete comparison of the annual relative richness of the zoo- 
plankton from the different stations was not possible because the material 
collected during the winter season was too scanty for some of the stations. 
However, the material was fairly good for all the stations during the 
period April to August, and in Table 1 is show11 the mean zooplankton 
volumes for the different stations during this period of each year. 
Table 1 indicates the relative richness of zooplankton at the different 
stations during the period April-August. However, one cannot draw 
any conclusions about the relative annual richness of the stations from 
the table because the plankton biomass during the last half of the year 
is considerably higher at Skarsvsg and ICongsfjorden than at the other 
stations. 
The total annual biomass per station seems to be of the same order of 
magnitude at the four northern stations, while the biomass at Sognesj~en 
Table I. Mean of monthly mean volumes in ml of zooplankton per 1ii2 surface from the 
permanent stations for the period April-August of the years 1959-1962. 
Station 
Year I 
i 1 1959 1960 1961 1962 Mean 
is considerably lower. This finding is supported by earlier investigatiolls 
(WIBORG 1954, 1958, 1960). 
WIBORG (1954) found that the richness of the zooplankton at Eggum 
during the spring and summer was comparable to the coilditions at 
Georges Bank off the east coast of North America and in the Barents Sea. 
During the winter the zooplankton density at Eggum and Sognesjoen 
is extremely 10~1, and WIBORG suggests that the strong north-going cur- 
rents may carry the plankton away. 
The data do not allow for conclusions as to which year was the richest 
because of the variation from one station to another with no general 
trend. 
The data from the permanent stations during 1959-1962 revealed 
significant changes in the number of spawnings for Calanus finnznrclzicz~s 
and the time for their occurrence with increasing latitude. At Sogneqj~en 
and possibly at Skrova three spawnings were observed, at Eggum and 
Skarsviig two, and at Kongsfjorden only one. The spring spawnings 
occurred in the first half of March at Sognesjgen, in the last half of March 
at Skrova and Eggum, in the first half of April at Skarsviig and some 
time between April and June at ICongsfjorden. A similar delay in the 
occurrence of the second spawning with increasing latitude could not be 
detected. 
The spring spawning of Calanus was always followed by a sharp in- 
crease in the volumes of zooplankton, and the maximum volume was 
reached 1 %  to 2 months after the spawning. A similar increase in the 
volume after the second spawning was less pronounced. This may be 
attributed to the fact that only a small part of the stock of Cala?zus took 
part in the spawning, that plankton is transported into the area from 
nearby regions, and that neritic species are much more abundant dur- 
ing the late summer, reducing the relative importance of Calanus fin- 
marchicus. 
2. 
Sognesjoen . . . . . . . . . . . . . . . . . .  
Skrova . . . . . . . . . . . . . . . . . . . . . .  
Eggum . . . . . . . . . . . . . . . . . . . . .  
Skarsvjg . . . . . . . . . . . . . . . . . . . .  
Kongsfjorden. . . . . . . . . . . . . . . . .  
8.6 1 46.4 19.5 
No data I 20.4 
31.9 12.2 
20.4 , 12.9 
No data 5.0 
25.6 27.5 
3 1.8 
15.9 
11.3 26.8 
8.2 
29.8 
28.2 
18.0 
17.7 
An attempt was made to determine the stage distribution of Calanus 
when maximum volume occurs. Although there are considerable varia- 
tions from one year to another, it is probably permissible to conclude 
that maximum volume is found when the copepodite stages I11 and IV 
in southern Norway and IV and V in northern Norway comprise more 
then 50% of the total number of Calanus. The relationships between the 
stage distribution of Cnlnnus finmnrclzicus and the occurrence of maxinlunl 
volumes should be studied more extensively, especially in boreal oceanic 
waters where the domillance of Cnlnnus is more pronounced. This rela- 
tionship might enable us to determine from a small number of samples 
the immediate future changes of the plankton biomass, which would 
be of niain concern for the prediction of food availability for plankton 
feeding fishes. 
SUMMARY 
1. Zooplankton has been collected in vertical hauls from 1959 to 1962 
at four permanent oceanograpllic stations along the coast of Norway 
and one from Spitsbergen. The volumes have been measured and the 
stage composition of Calanus fi~zmarclzicus determined. 
2. A delay of occurrence of maxi111 volume with increasing latitude 
for the spring maximum of volume is evident, but a similar trend for 
the secondary maxima could not be demonstrated. The annual 
richness of zooplankton on the southernnlost station (Sognesjaen) 
was considerably poorer than at the other four stations. At these the 
amount of zooplankton was of the same order of magnitude. There 
were large variations in amount of zooplankton from one year to 
another at all stations, and a general conclusion about the relative 
richness of the different years could not be made. 
3. A significant delay in the time of spawning of Calnnus fin??zarchicus 
and decreasing number of spawnings with increasing latitude was 
demonstrated. 
4. Maximum of volume occurred about 1 $/2 to 2 months later than the 
spawning of Calnnus fitz~narchicus when the copepodite stages 111 
and IV in southern Norway and IV and V in northern Norway 
comprised more than 50% of the stages. A method for prediction 
of biomass changes based on development-stage distribution of Calnnus 
is suggested. 
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DISTRIBUTION OF MACKEREL EGGS AND LARVAE 
IN THE SKAGERRAK, 1957- 1959 
BY 
SVEIN MYRBERGET~ 
Statens Biologiske Stasjon, Flodevigen 
INTRODUCTION 
The Skagcrrak is one of the most important spawning areas for 
mackerel (Scomber scomb~z~s L.) in Nordic waters: the planktonic eggs 
ancl small larvae are found in considerable numbers in June-July, 
especially off the south coast of Norway (EHRENBAUM 1923). The following 
data cn the geographical distribution of n~aclterel eggs and larvae in the 
Skagerrak during different parts of the spawning season have beell 
collected between Alay and July 1957-1959 in connection with a spaw- 
ning stucly of sprat (Clz11jea spfattus) and made available by the Marine 
Biological Station at Fl~devigen. 
MATERIALS AND METHODS 
Samples ILierc collected from the middle of May to the beginning 
of July \vif h a plankton net 1 nl in diameter lowered to a depth of 50 or 
100 m and hauled up veitically. O n  most stations two hauls were made, 
one A-haul always from 50 111 to the surface, and one B-haul sometimes 
from 50 m, otherwise from 100 m. 
In  all, 495 hauls were made at 269 stations in the Skagerrak and 
Oslofjorcl. In  the Skagerrak all stations were outside the skerrygard, 
but mackerel are knoxvn to spaxvn frequently further inside the fjords 
as well (DANNEVIG 1948). 
Description and sizes of mackerel eggs are given by many authors 
(e.g. HOLT 1893, BUCHANAN-WOLLASTON 19 1 1, DANNEVIG 19 19, 
EEIRENBAUM 1923, BIGELOVJ and WELSH 1925, DEMIR and ARIM 1957 and 
H I E ~ ~ S T R A  1962). Identifications were based mainly on stiuctural charac- 
teristics, as xvell as on size of eggs and of the oil droplet. Eggs diameters 
vary with the salinity of the waters and the geographical locality: in the 
North Sea ancl Skagerrak eggs are reported to be 0.95-1.38 mm in 
diameter (usually 1.2 -1.3 mm), the oil droplet 0.28-0.35 min. This 
Present address: Statens Viltunders~kelser, Vollebekk, Norway. 
was in general the case with the present material, but a few eggs were 
found (identified by the einbryo) measuring up to 1.45 inm in thc brackish 
Kattegat waters late in the season. 
Some eggs without embryo were indistinguishable from those of the 
ling (Molva nzolvn), which according to EHRENBAUM (1905 -09) have a 
diameter of 0.97 -1.13 mni, with an oil droplet cliamcter of 0.28-0.3 1 mm. 
However, as the main spawning of ling takes place in April, and as 
practically no ling eggs with embryo were found, this source of error 
is probably an insignificant factor in the identification. 
Larvae were identifiecl on the basis of descriptions by CUNNING- 
HAM (1891) and EHRENBAUM (1905-09 and 1923) and measured to 
the nearest 0.1 n ~ m .  
Larvae and, in 1959, eggs from all stations were identifiecl. In 1957 
and 1958 the eggs from A-hauls only were identified. From the 269 
A-hauls a total of 31,469 mackerel eggs and 2,914 larvae were collected 
(Table 1). 
Table 1. Number of mackerel eggs and larvae in A-hauls. 
Year 
Total 1 48 1 710 / / 2101 1761 241 410 
1957 
1957 
1958 
1958 
1958 
1959 
1959 
1959 
Grand total / 269 131469 / / 19781 7541 1821 2 914 
Date 
Total / 221 130759 / / 1 7681 5781 1581 2 504 
Sh-uger,.uk 
2 115-3015 
716-1316 
2915- 916 
23/6-2516 
3016- 317 
19/5-2215 
Number of larvae 
of 
stations 
Total length in min 
- 
<4.05 4.05- >4.50 1 4.50 1 
42 
21 
36 
22 
27 
27 
Total 
J%gs 
- 
816-1 116 
Number 
- 
ll - 
I 1 
218 701 23 311 
202 641 53 319 
7 - -  7 
I 
1 3'29 
7 
without 
visible 
embryo 
3016- 217 1 18 1 237 37% 
28 
1268 
2274 
8 505 
3 305 
435 9 1 843 
2 31 10 
: ::' 29y0 
87% 
82% 
59% 
62% 
2 576 32% 
38% 
RESULTS 
Table 1 shosars the number ol stations on different cruises and gives 
the numhcrs of ~l~ackerel  ggs and larvae in various size-classes in the 
A-hauls. Only 102 (6.2%) larvac were longer than 4.5 mm, probably 
a iesult cf heavy mortality, known to bc 10-14% per day in American 
Atlaiitic waters (SFTTE 1943), and also of the fact that the larger larvae 
may by bctt cr able to escapc the nets (AHLSTRI~IM and NAIR, cited in MARR 
1956). 
Dektlz qr rggs arztl larvae 
The eggs ancl .;mall larvae arc free-floating, at a depth which varies 
accorcling to the clensity of the lvatcrs. Larvae, especially those longer 
than 5 mm, are kliown to move to upper layers for the night (JOHANSEN 
1925b and SETTE 1943). 
No attenlpt WLLS lnacle to find the accurate clcpths of eggs and larvae. 
The fo1lo:ving ob.;crvations, however, may bc indicative : 
In 1959 therc x\.c.re on thc avcrage only a few more eggs and larvae 
in B-hauls taken froin 100 m than ill A-hauls (Table 2) .  This is,  however, 
not clelinite rviclcr~cc foi- the occurrelice of eggs and larvae between 50 and 
100 m, as stin$ nncl current will sornetilncs lcad thc net to surface more 
obliquely from 100 than froln 50 n-~, thus resulting in relatively larger 
catchcs from t l ~ c  upper water layers of the B-hauls. The number of eggs 
in B-hauls \bas 114% that of A-hauls, larvae in B-hauls 125% that of 
A-liauls, ancl the cliffcrencc between A- and B-hauls was significantly 
grcatcr (P < 0.001) for larvae than for eggs. This might indicate that a few 
cf the Inivac (but very few, if any, of the eggs) were taken below 50 m. 
If this is the case, net samples taken from 50 m and upwards should 
be sufficient for i~lvcstigatilzg mackerel spawning localities. 
111 the Korih Sca and Skagerrak spawning takes place from the second 
half of May ancl into the lnonth of July with a maximum in June (EHREN- 
Table 2. Number ol mackrrel eggs and larvac from 
Skagerrak stations in 1959. 
Eggs . . . . . . 9 890 11 289 114.1% 
Larvae . . . . 1 2 005 2 499 124.6% 
, B-hauls 1 A-liauis 50-0 ni 100-0 m Number in B-hauls as percentage of that in A-hauls 
BAUM 1923, JOHANSEN 1925a, REVHEIM 195 1 and DANNEVIG 1962) ; the 
earliest rccord along the Norwegian coast is 14 May (DANNEVIG 1948). 
Cases of very late spawning are known from British Itraters where the 
peak occurs ill May-June (ALLEN 1917, LEBOUR 1918, CLARK 1920, 
CORBIN 1947 and STEVEN 1949) but from the present data rlothing can 
be said about the conditions after 3 July. 
A/lackerel eggs were found on all cruises, i. e. from 19 May to 3 July. 
In  1959 great quantities were found as early as 19-22 May (an average 
of 122 per llaul), and as many as 62O/, had visible embryos (Table 1). 
That year the first larvae were found on 22 May off Lindesnes, all in the 
egg-sac stage. In  1957 eggs were also collected late in May (21 -30 May, 
30 eggs per haul, 13% with visible embryos), but no larvae were found 
at any of the inany stations investigated. In  1958 the first cruise was 
from 29 &Iay to 9 June, and a great nunlber of eggs, but only one larva, 
was found. These data indicate that in 1959 heavy spawning started as 
early as the middle of A/ra)7, in 1957 and probably also in 1958, in the last 
days of May. 
I11 1957 there was no cruise aftcr 13 June. In  1958, around the first 
of July, the average number of eggs and larvae per sample was 95 and 
12 respectively. Greatest averages per haul (332 eggs and 66 larvae) were 
taken about 10 June 1959; around I July of that year the average had 
fallen consiclerably (to 13 eggs and 0.6 larvae), indicating that in this 
year ~ i i t h  a11 early start, spawning was practically over at the beginning 
of July. 
21 - 30 MAY 1957 i d  ! d N  F I N E 4  
7 - 1 3  JUNE 1957 a a 
23-25 JUNE 1958 a 1 a l l P E 4 E 4  €4 
1 9 - 2 2 M A Y 1 9 5 9  r/51 a a @ [ql [ql El 
8-11JUNE1959 1 a 4 
30 JUNE-2 JULY 1959 0 [ql a fl 
I I b 9 1'0 5 1 0  2'5 30 35 40 45 50 55 
NAUTICAL MILES 
- TORUNGEN HIRTSHALS + 
NUMBER: 0.0 H.1-50 8 ~ 5 1 - 2 0 0  H > 2 0 0  
Fig. 1. Nunlber of mackerel eggs collected in A-hauls on different cruises from 
Torungen, Norway to Hirtshals, Denmark. 
Spawning area 
Mackerel eggs were found at all localities, in all parts of thc Skagerrak. 
Figure 1 shows the number of eggs collected on different cruises from 
Torungen off Arendal to Hirtshals. Early in the season large quantities 
were found mainly off the Norwegian coast, (e.g. 19-22 May, 1959) 
but lat t r  great numbers were found furthcr O L I ~  as well; few eggs were 
ever taken off the Danish coast. 
The  clata as a whole show the same tendencies, with the largest 
quantities of cggs found along the Norwegian and Swedish Skagerrak 
ccast, €specially between Jomfruland (Kragcro) and VBclerobod. The 
greatest number in one haul (937) was taken 4 nautical miles south of 
Fercler L i ~ h t  (Tonsberg) on 11 June, 1959. 
From cru;ses in the Oslofjorcl, the cnly significant quantities of mack- 
erel eggs or larvae were collectecl in 1959, off D r ~ b a k .  I n  the inner fjord 
the n u x b e r  was alxvays negligible. 
As the eggs float passively, a study of this type cannot indicate exactly 
where spawning has takcn place. However, as hatching probably takes 
about one week in natural conclitons (WORLEY 1933 and SETTE 1943) 
even the oldest eggs had not been adrift for more than a few days. Along 
the Norwegian coast Baltic Water runs westwards near the surface, with 
lowered salinity in the spring owing to the melting of snow. In  late spring 
a11d sui-nnler this water is warmer than the surrounding waters, and in 
summer its spreacls out over the Skagerrak as a result of its low specific 
gravity (DANNEVIG 1933 and S ~ H U L Z  1940). 
As mackerel usually spawn near the surface (DANNEVIG 1962) and as 
the eggs and larvae are usually found in the Baltic Current, it seems a fair 
assumption that spa~rliing also takes place mainly in this current, but furt- 
her "upstream" than the localities registered for the eggs and larvae. 
Temlje~atzu e 
According to DANNEVIG (1962) nlackcrel generally spawn in waters 
of about 12°C. The  cggs found earliest in the Norwegian part of the 
Skagerrak occurred at a temperature of 8" (DANNEVIG 1948). From other 
waters the main bulk of spawning seems to take place from 11" to 14" 
(JOHANSEN 1925a, GALL 1939, SETTE 1943 and KANDLER 1954), with 
extremes in American Atlantic waters of 7.3 -1 7.6"C (SETTE 1943). 
Spawning is thus not ('restricted to any fixed degree of temperature" 
(EHRENBAUM 1923b, p. 6).  
To characterize temperature conditions at the different stations the 
average temperature at a depth of 0 and 10 nl is used as spawning is 
belicvcd to occur in the upper water layers (DANNEVIG 1962), at least 
early in thc season. 
According to Table 3 the highest concentrations of eggs prior to 
11 June were found in the warmest areas of the Skagerrak. The  same 
tendency xvas notecl also on ir,clividual cruises, in May at least; later, 
in the suinmrr water temperatures xvere evidently high enough in all 
parts of the sca. 
Table 3. Number of mackerel eggs collected per haul in relation to water temperature. 
(The cruise of 30 June to 2 July 1959, is excluded (average temperature 14.2") as no 
station had more than 50 eggs). 
/ < 50 eggs / 51-200 eggs 1 > 200 eggs 
Hauls of over 200 eggs were, with one exception, all taken between 
10" and 16°C. Only 6 hauls of 51 -200 eggs were made in waters below 10" 
(3 of them at stations where even the maximum temperature was below 
this). Thus it seems probable that spawning takes place mainly between 
10" and 16°C. 
Salinity 
Mackerel usually spawn in waters with a salinity of about 34O/,, (FARRAN 
1939, FURNESTIN 1939 and GALL 1939) ; in the Skagerrak and Kattegat 
the eggs are sclclom found in waters whose salt content is less than 26O/,, 
(NILSSON 19 14). 
Table 4 shows the number of eggs collected in relation to salinity 
given as the average of measurements at 0 and 10 m. In  very brackish 
Table 4. Number of mackerel eggs collected per haul in relatlon to salinity in O/,,. (East 
and West Skagerrak - east and west respectively of a line from Risar, Norway to 
Skagen, Denmark). 
1 5 50 eggs 1 > 50 eggs 
Date Number Salinity 
of - 
stations/ Mean / Extremes 
West  Skagerrak 
29.4 28.1-33.2 19.5-"16 . . . . . . . . . . . .  2; 32: 2y-34:4 :: 1 1 23/6-2516 . . . . . . . . . . .  27 6 26 9-28 4 28.0 22.9-29.2 
Total . . . . . . . . . . . . . .  1 32 j 30.5 126.9-34.41 50 / 28.7 122.9-33.2 
- 
East Skagerruk 
2115-1116 
3016- 317 ........... 
Number 
of 
stations 
Salinity 
Mean / Extremes 
Total .............. / 52 / 27.8 117.7-33.11 70 1 25.4 120.3-32.9 
1 I I I I I 
41 1 28.8 
11 23.9 
2 1.4-33.1 
17.7-29.8 
20.3-31.6 
21.3-32.9 
54 
16 
25.5 
25.2 
areas, however, the eggs were probably taken from greater depths and 
more saline waters than the surface measurements indicate, 
In  the eastern Skagerrak the upper layers in the spawning centres had 
an average salinity of 25.5O/,,, in the western Skagerrak, 28.7O/,,. Before 
11 June salinity was a little lower in the centres than elsewhere. 
DISCUSSION 
Mackerel usually winter at great depths in the North Sea and Skager- 
rak (REVHEIM 1955, NEDELEC 1958) and migrate in April-May towards 
the coast, where spawning takes place in waters which are relatively warn1 
and of low salinity. 
Comparing the Skagerrak with other areas, where mackerel move 
from the coast in spring, STEVEN (1948) suggests that this "spawning" 
migration is primarily directed towards deeper waters. Although this 
may be true in part, it is possible that, in the Skagerrak at least, the 
mackerel are migrating to those parts of the sea where temperature 
conditions are most suitable for spawning. In  the Kattegat the numbers 
of spawning mackerel seem to be dependent on the strength of the in- 
running current (JENSEN 1960), indicating that still other factors, such 
as deep-water currents and hydrographic conditions, may influence the 
migrations. 
In  1959 spawning apparently started earlier than in 1957 and 1958, 
and, according to Table 5, May temperatures in coastal waters were 
higher in 1959 than in the two preceding years, indicating a relationship 
between high May temperatures and early spawning. The commence- 
ment of spawning probably also depends on other factors such as winter 
temperatures (STEVEN 1949), and in some years a region of cold water 
just below the surface might inhibit mackerel from coming to the upper 
layers (DANNEVIG 1952). 
Table 5. Average temperature at  sea surface in the month of May. 
Locality I Author / 1957 1 1958 1 1959 
I 1 I 
Fladevigen, Norway . . . . . . . 
Anholt, N. Denmark . . . . . . . 
"Vinga", Sweden. . . . . . . . . . 
G. DANNEVIG pers. comni. 
THOMSEN 1959, 1960, 1961 
JERLOV 1959 and SVANSSON 
1960, 1961 
7.1 
9.2 8.3 I 
9.1 / 8.3 
11.1 
11.1 
11.2 
Numbers of mackerel eggs and larvae collected from 495 vertical 
hauls at 269 stations in the Skagerrak and Oslofjord, 1957-59 are ana- 
lysed. 
Eggs were found in practically all areas of the Skagerrak during the 
sampling period: from the middle of May to the beginning of July. 
A few larvae, but very few if any eggs, were probably taken from 
below a depth of 50 m. 
Early in the season spawning seems to take place mainly in the 
comparatively warm waters of low salinity in the Baltic Current. In 1959 
spawning started about mid-May, in 1957 and 1958 in the last days of 
May; in 1959 May surface temperatures were higher than in the two pre- 
ceding years. Spawning seems to take place mainly in water tempera- 
tures of 10-16°C. 
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THE MIGRATION OF NORWEGIAN HERRING T O  
ICELANDIC WATERS AND THE ENVIRONMENTAL 
CONDITIONS IN MAY-JUNE, 1961 -1964 
BY 
OLE J. ~ S T V E D T  
Fiskeridirektoratets Havforskningsinstitutt 
INTRODUCTION 
Since 1949 the migrations of herring in the Norwegian Sea have been 
intensively studied. I t  has been shown that the time and place of their 
migration to the spawning grounds along the west coast of Norway are 
closely related to hydrographical conditions, particularly temperature 
(DEVOLD 1951). During the feeding migration in summer the hydro- 
graphical conditions are also important in determining the distribution 
and formation of herring shoals (DEVOLD 1963, JAKOBSSON 1963), but 
several scientists have shown that there is also a connection between 
plankton conditions and the migration pattern of feeding herring. Re- 
views of work on the planktonlherring relationship have been given by 
PAVSHTIKS (1956) and JAKOBSSON (1958, 1962). 
The most extensive investigations on the migrations of Norwegian 
herrhg in the Norwegian Sea in relation to plankton have been carried 
out by PAVSHTIKS (1956). She found that after spawning the older age 
groups were feeding mainly on the wintering stock of Calanus finmarchicus 
in the coastal or Atlantic water, and later in spring in the water of the 
East Icelandic Current; they thus followed the shift in spawning time of 
C. finmarchicus. The migration routes of the herring were closely related to 
the seasonal changes in distribution and production of plankton. Annual 
fluctuations in time of the biological spring may, therefore, cause a change 
in the feeding migration of the herring. 
The Norwegian investigations on herring migration in the Norwegian 
Sea during May and June have been conducted since 1951 in collabora- 
tion with Denmark (until 1961), Iceland and U.S.S.R. (from 1957). 
During the years 1961 -1964 the Norwegian part of the joint work has 
been confined to the areas from the Faroes along the east and north-east 
coast of Iceland to Jan Mayen. The observations on herring, temperature 
and zooplankton during these years provide the material for the present 
study which demonstrate the migration of Norwegian herring to the north- 
east coast of Iceland in relation to environmental factors. A summary 
of the work has been given annually in the joint reports to the Herring 
Committee of ICES (JAKOBSSON and ~ S T V E D T  1961, ANON 1964a, 1963 
and 1964b). 
MATERIAL AND METHODS 
111 1962, 1963, and 1964 the ii~vestigations were carried out along the 
same sections with stations 20 or 40 miles apart (Figs. 3, 5 and 10) and 
during approximately the same period (in 1962: 26 May-8 June, 1963: 
22 May-5 June, and 1964: 27 May-10 June). Additional observations 
were made each year until about 20 June. In 1961 the first survey on the 
east and north-east coast of Iceland was undertaken during the period 
7 - 17 June. 
Measurements of temperature and salinity have been made at each 
station at standard depths down to 500 meters. Surface temperature (at 
4 m) was measured by termograph. Zooplankton was collected in vertical 
hauls from 50-0 m. In 1961 and 1962 a Juday net (diameter 80 cm, 
silk no. 0) was used, in 1963 and 1964 replaced by a standard Hensen net 
(diameter 70 cm, silk no. 3). The volume of each -,ample was measured 
by the displacement method and stage composition of C. finmarchicus 
determined by counting 100 individuals of the species (short cut method, 
HALLGRIMSSON 1958). The percentage occurrence of copepodite stages 
1-111 combined, is shown on the figures as 25 percent, 50 percent and 
75 percent isolines. 
During these investigations herring shoals were located with sonar 
and echo sounders and drift nets were frequently used for sampling the 
herring. 
RESULTS 
1961 
The distributions of herring and temperature at 20 m depth in the 
period 7-1 7 June are shown in Fig. 1. Herring shoals were recorded 
60-70 miles north-east of Langanes on 9 June. During the following 
week the herring evidently moved north-westward and dense concentra- 
tions were recorded north of Melrakkasletta in the second half of June. 
According to JAKOBSSON and ~ S T V E D T  (1961) the temperature at 20 m 
depth on the north-cast coast of Iceland was somewhat above average 
(mean temperature for the period 1950-60 as giten by STEPHANSON 
(1962). In  the area where the herring occurred, the temperature at 20 
/  TEMPERATURE^^ 20m 
631 0 8 5 .  HERRING:  
... . . . . . . 
. . . . .. . . 
VERY S C A T T E R E D  
.......... S C A T T E R E D .  
t l l i f l ! l l l i t  DENSE { $,h!IllllI! VERY D E N S E ,  FAROE 15 
Fig. 1. Herring distribution and temperature at 20 m, 7-17 June 1961 ( f r o r n J ~ ~ o s s s 0 ~  
and ~ S T V E D T  1961). 
m varied from 2" to 4OC. Off the north coast of Iceland the zooplankton 
was also more abundant than in previous years, while off the east coast 
it was about normal. During June the herring shoals were generally 
encountered in areas with low zooplankton densities and less than 25 
percent of C. finmarchicus in stages 1-111, i.e. in areas where the older 
stages piedominated, presumably the wintering stock (Fig. 2). 
According to JAKOBSSON (1962), 24.8 per cent of the Icelandic herring 
catch in 1961 was taken in the area north of Melrakkasletta during three 
weeks in June-July. Later in the summer the herring migrated to the 
traditional fishing grounds on the east coast of Iceland where young cope- 
podites (stages 1-111) of C. finmarchicus predominated in the beginning 
of June. In  July copepodites had probably metamorphosed to older 
stages, constituting more suitable food for the herring. 
1962 
In 1962 the investigation started in the last week of May and dense 
concentrations of herring were observed on 30 May between 40 and 110 
nautical miles north-east of Langanes (Fig. 3). The shoals were mainly 
Fig. 2. Herring distribution (legend-see Fig. 1) and percentage distribution of cope- 
podites stages 1-111 of C. finmarchicz~s, 8-29 June 1961. 
found in waters colder than 3"C, extending into watermasses of tempera- 
ture below 2°C (ANON 1964a). The herring quickly moved in a north- 
westerly direction and on 5 June dense concentrations were recorded 
north-east of Kolbeinsey. Samples of herring taken from drift net catches 
contained mainly Norwegian spring spawners, but it showed that the 
Icelandic spring spawners were also plesent and thus had already migrated 
to the north coast probably from the west, and had mixed with the Nor- 
wegian spring spawners miglating from east. During the first half of 
June 1962 the concentrations of Norwegian spring spawners were found 
much further west than in 1961. 
The quantitative distribution of zooplanliton off the north coast is 
shown in Fig. 4. In the cold waters, scarce in plankton, the wintering 
stock of C. finmarchicus was predominant while in the coastal and mixed 
waters off the north coast of Iceland C. finmarchicus in stages I -1V was ab- 
undant and the spawning had probably occurred. 
I n  accordance with the observations in 1961 it was again found that 
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Fig. 3. Herring distribution and temperature at 20 m, 26 May-8 June 1962. 
the Norwegian herring during the migration to the north-east coast of 
Iceland were mainly located in the cold water areas east and north-east 
of Langanes, where the zooplankton was relatively scarce, but with a 
high proportion of wintering stages of C. finmarclzicus. 
1963 
The distribution of temperature and herring, east and north-east 
of Iceland in the period 21 May-5 June are shown in Fig. 5. Herring 
were recorded in two regions; in the southernmost region (between lat. 
64"N and 65"N and about long. 6"W) only small shoals were found. Here 
the herring seem to be present nearly all the year round, mostly scattered 
..RGlR"and.,JOHAld HJORT" . ' 
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Fig. 4. Zooplankton volume, ml/m3 in 50-0 m, 26 May-8 June 1962 (from ANON 
1964a). 
over a wide area; further north, dense concentrations were found 
about 150 nautical miles north-east of Langanes in watermasses colder 
than 2°C. The vertical distributions of the herring shoals in relation to 
temperature are shown in Fig. 6. The shoals were found from the surface 
to 300 m, in water with the temperature ranging from 5" to 0°C. In 
the 0-200 m layers the temperature was below the average for the last 
ten years and the 3" isotherm was situated 120 nautical miles further 
south-eastwards than in 1962 (ANON 1963). 
The quantitative distribution of zooplankton in the period 22 May 
to 5 June is shown in Fig. 7. Off the north-east coast of Iceland the 
zooplankton was generally scarce as compared with previous years and 
considerably more scarse than in 1962. The areas abundant in plankton 
Fig. 5. Herring distribution and temperature at 20 m, 21 May-5 June 1963. 
(above 1.5 ml/m3) were also situated much further off the coast than in 
1962. In both years C. finmarclzicus was the most numerous species in 
the plankton population also along the coast, where the densities were low. 
In the cold waters (besides C. finmarchicus) C. hy_perBoreus, Pseudocalanus 
minutus, Themisto spp, and Sagitta spp. were numerous. As in previous 
years the herring were found in watermasses where the older stages of 
C. finmarclziczls predominated (Fig. 8). 
The herring slioals observed north-east of Langanes at the end of 
May, seemed to move westwards, penetrating the East Icelandic Current. 
When the observations were repeated in the period l 1-21 June, dense 
concentrations were found on 19 June in the area north and north-east of 
Fig. 6. Temperature sections and herring distribution east and north-east of Langanes 
24-29 May 1963. 
Langanes between lat. 67"N and 68"N at long. 16'W (Fig. 9). The per- 
centage distribution of C. fiumarcizicus, stages 1-111, shown in Fig. 9, 
indicates that during the migration to the north-east coast the herring 
followed the transition area between the cold water, containing a 
stock of wintering C. finmawhicus in stages IV-VI, and the mixed coastal 
water, containing young C. finmarchicus (stages 1-111). In  1963 the west- 
ward migration of the Norwegian herring was delayed at least two weeks, 
compared with 1962 (ANON 1963). 
1964 
The investigation started 5 days later than in 1963. On  4-5 June, 
during the survey of the area east of Langanes, dense concentrations of 
herring were recorded 60 nautical miles off Langanes (Fig. 10). The 
herring were mainly observed in waters with a temperature of 2"-3"C, 
on the western side of the East Icelandic Current, and seemed to be 
moving rapidly further westwards. On 8 June, dense concentrations were 
recorded north off Langanes, from lat. 67'30' N to 68'30' N and between 
Fig. 7. Zooplankton volume, ml/m3 in 50-0 m, 22 May-5 June 1963. 
long. 12'W and 16"W. Drift net samples in this area consisted exclusively 
of old Norwegian spring spawners with a mean length of 37.5 cm. 
The temperature at depths down to 200 m off the north coast of 
Iceland was generally 1°C above average and 2'C higher than in 1963 
(ANON 1964b). In this area the zooplankton was more scarce than in 1963, 
plankton volumes above 1.5 ml/m3 being recorded at only a few stations 
(Fig. 11). In  all areas with high plankton concentrations, C. finmarchicus 
predominated. 
The percentage clistributioll of C. finmarclzicus stages 1-111, shown 
in Fig. 12, indicates that only to the north of latitude 66'30' did the stock 
consist of less than 25 perccnt young copepodites. South of lat. 66'30' N 
C.FINMARCHICUS STAGE 1-111 
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Fig. 8. Herring distribution (legend-see Fig. 5) and percentage distribution of cope- 
podites stages 1-111 C. finrnarchiczcs, 22 May-5 June 1963. 
the spawning of C. finmarchicus hacl apparently occurred somewhat 
earlier than in 1963 when the stages IV-VI predominated over a 
much wider area. This fact may bc ascribed to the higher temperature 
in 1964 and an early foriliation of a therinocline in the upper water layers 
off the east and north-east coast of Iceland, which resulted in an unusual 
early spring bloom of phytoplankton (ANON 1964b). Further eviclencc of 
this was provided by the continous transparency recordings. In  1964 
much lower concentration of particles were recorded than in 1963, indi- 
cating a different situation in the phytoplankton (BERGE, personal com- 
munication). The initiating effect of phytoplankton blooming on the 
I C E L A N D  
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Fig. 9. Herring distribution (legend-see Fig. 5) and percentage distribution of cope 
podites stages 1-111 of C. fi~~~narchicus, 11-21 June 1963. 
spawning of C. fi~~nzarchicus has been shown by several workers (SVERDRUP 
1953, MARSHALL and ORR 1959). 
In  the period 11 to 20 June the temperature increased rapidly along 
the north-east coast and this was followed by an extension of the spawning 
area of C. finmarclzicus (Fig. 13). The herring observed north of Langanes 
on 8 June either moved further northwards or dispersed (ANON 1964b), 
but during the first half of June a purse-seine fishery, by both Icelandic 
and Norwegian vessels took place further from the north coast of Iceland 
than in any previous years. On  10 June dense concentrations of herring 
were recorded close to the east coast of Iceland. In  contrast to the herring 
sampled off the north coast younger individuals were also present, con- 
stituting from 5-35 per cent of the samples from drift net catches. 
No observations of these herring shoals were reported until they were 
found off the east coast. I t  should be noted that the invasion into the 
coastal waters took place when young copeodites (stages 1-111) of 
Calanus were still predominant in this area. 
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Fig. 10. Herring distribution and temperature at 20 m, 27 May-10 June 1964. 
The migration pattern of the herring into North Icelandic waters in 
early June was similar to that in 1963, but such dense concentrations of 
herring, as those recorded in the first half of June close to the east coast, 
have usually not been observed before the beginning of July. 
DISCUSSION 
In the years 1961-1964 the herring were first recorded east or 
north-east of Langanes at the end of May and early June. During the 
first or second week of June the herring shoals migrated further west- 
wards, being mainly confined to the areas between lat. 67ON and 68"N 
and as far west as about long. 16"W or 18"W. 
Fig. 1 I. Zooplankton volume, ml/rn3 in 50-0 m, 27 May-10 June 1964. 
In 1961 and 1962 an early influx of Icelandic spring spa~~ne r s  from 
the west was observed on the north coast of Iceland. In contrast in June 
1963 and 1964, there was only insignificant, or no, migration of Icelandic 
spring spawners to the north coast. 
During the period 1961 -1964 the migration pattern of the Nor- 
wegian spring spawners to the north-east coast of Iceland in May and 
early June was rather similar, but variations in time were observed from 
year to year. In  1962 dense concel~trations of herring were recorded at 
long 18"W already on 5 June, but the main invasion was still west of 
long 14"W. In 1964 herring were observed at long. 16"W on 8 June. 
In  1963 no herring shoals were found west of long. 16"W until 17 June, 
Fig. 12. Herring distribution and percentage distribution of copepodites stages 1-111 
of C. finmarchicus, 27 May-10 June 1964. 
and the invasion was delayed nearly two weeks as compared with 1962 
and 1964. When these data are compared with the temperature condi- 
tions in June each year, there is apparently a close relationship. I n  1961 
the temperature in the surface layers (at 20 m) was a little above average 
on the north coast, while they were average off the east coast; in 1962 
the temperature was close to the average values and in 1964 about 1°C 
above average and nearly 2°C higher than in 1963. I t  therefore seems 
that the herring during the average temperature years of 1961 and 1962 
migrated to the north coast during the 1st or 2nd week of June. In  the 
cold year of 1963 the invasion was delayed, while in the warm year 1964, 
it occurred early especially on the east coast. 
C. FINMARCHICUS STAGE 1-111 
Fig. 13. Herring distribution and percentage distribution of copepodites stages 1-111 
of C. finnznrchiczcs, 11-20 June 1964. 
I n  May-June herring shoals have been recorded in waters of tempera- 
ture between 6" to 0°C and even below 0°C (Fig. 6). Although dense 
herring concentrations are mainly found in waters above 1°C there 
seems to be no clear evidence that the feeding migrations of herring are 
wholly governed by temperature conditions. During all the years in- 
vestigated herring have been recorded east or north-east of Langenas 
crossing tlie East Icelandic Current. PAVSHTIKS (1956) also found that 
herring migrate into the cold waters (below 2°C) of tlie East Greenland 
Current. 
O n  the Icelandic north coast fishing grounds changes in migration 
pattern of herring in July-August are closely related to temperature 
and feeding conditions (JAKOBSSON 1963). As temperature and plankton 
conditions are closely related, it cannot be doubted that the plankton 
conditions (or rather certain species of the plankton, in particular C. 
finmarchicus) are important for the migration pattern of feeding herring. 
BLAXTER and HOLLIDAT; (1963) also emphasized the importance of size 
and type of plankton in the study of plankton/herring relationships. 
PAVSHTIKS (1956) found that nauplii and young copepodites of C. fin- 
marchicus are probably too small as food for the adult herring. 
Although C. finma?chiczls usually constitutes the bulk of the zoo- 
plankton population in the Norwegian Sea, other organisms, unaccep- 
table as herring food, may also be very abundant. In  this situation a pos- 
sible positive correlation between the quantitative distribution of edible 
zooplankton forms and herring may be masked. The present data show 
that during May-June herring were mainly found in areas where zoo- 
plankton was relatively scarce. During June 1958 herring were also 
scarce in the areas of the Norwegian Sea, richest in zooplankton (LIE 
1963). On the other hand JAI~OBSSON (1963) demonstrated a positive 
correlation between herring and the abundance of zooplankton, in partic- 
ular C. finmarchicus off the north coast of Iceland in July-August. 
In  May and early June, stages 1-111 of C. finmarchiczls usually pre- 
dominate in areas with high zooplankton concentrations along the east 
and north-east coasts of Iceland. The older stages, IV-VI, are most 
abundant in the cold water further off the coast. I n  the years 1961 -1964 
the migration routes of the Norwegian herring have been confined to 
areas with a high proportion of stages IV-VI. These results confirm the 
observations by PAVSHTIKS (1956) and G ~ u s o v  (1961) that in spring and 
early summer the older age groups of the Norwegian herring feed 011 the 
wintering stock of C. finmarchicus, nauplii and young copepodites being 
too small to serve as food. 
According to HALLGRIMSON (1960) the growth condition for zoo- 
plankton in North Icelandic waters depends on the mixing processes 
of the water masses off the north-west coast. Furthermore the strong 
oceanic fronts and the favourable growth conditions for zooplankton near 
these fronts are the environmental factors which primarily affect the 
herring fishery north of Iceland. Several authors (FRIDRIKSSON 1944, 
EINARSSON 1957, JAKOBSSON 1960) have stressed the importance of the 
abundance of C. finnzarchicz~s on the shoaling behaviour of the herring and 
consequently on the herring purse-seine fishery. There thus seems to be a 
close relationship between the distribution of herring on their feeding 
migration and Calanus. In  early June, C. finma?chicus is usually more 
abundant in the coastal waters north and east of Icelancl than in the East 
Icelandic Current proper. In  the coastal waters the Calanus population is 
dominated by young copepodites (stages 1-111) of the spring generation. 
As mentioned above during the present surveys herring have been observ- 
ed in the cold East Icelandic Current evidently feeding on the wintering 
stock of C. finmarchicus. In  1964 the spawning of C. finmarchicz~s occurrend 
somewhat earlier than in 1963 and already in the first weck of June 
herring were recorded in the coastal waters off Seydisfjord on the east 
coast of Iceland, where young copepodites (stages 1-111) of C. finmarchicus 
predominated. The coastal waters may nevertheless have provided better 
feeding conditions for the herring then the offshore waters where the 
wintering generation of C. finmarchicus was dying off after spawning. Dur- 
ing the years 1961-1963 the difference in spawning time of the C. fin- 
marchicus populations in the coastal and offshore waters may have been 
greater than in 1964. Until the spring generation of C. finmarchicus in 
coastal waters had developed to copepodite stages 111-V, the herring 
have been mostly feeding on the winterjng generation in the East Ice- 
landic Current. Thus the migration of the herring into the coastal wat- 
ers north and east of Icelancl will depend on the time of spawning of 
C. finmalchicus in the different water masses as well as the density of 
the different copepodite stages. 
During the years covcred in these investigations the mature part of 
the Norwegian spring spawning stock has been dominated by the rich 
1950 year-class. Until the 1959 year-class began to recruit the adult stock 
in 1964 recruitment was insignificant. I t  shoulcl be stressed therefore 
that in years with change in age composition the migration pattern 
of the herring may show considerably changes. The change in age 
composition observed in 1964 may therefore also have altered the 
migration pattern, when early in June herring were recorded in Icelandic 
coastal waters. I t  is known that in the summer the younger age groups 
of the Norwegian spring spawning stock usually have a more easterly 
distribution than the older ones (FRIDRIKSSON 1944, PAVSHTIKS 1956) and 
in 1964 the herring were mainly located east of Iceland. Also the shift 
in spawning time and place of the herring as observed on the Norwegian 
west coast (DEVOLD 1963) may have to be taken into account when 
studying the feecling migration of the herring. 
The data indicate that the time of the migration of the Norwegian 
herring to Icelandic waters as well as the migration routes are closely 
related to the biological seasons. Biological seasons are again associated 
with the hydrographical conditions and this may explain the apparent 
correlation between temperature and herring distribution observed 
several times also during the feeding seasons. 
So far the present material is representative of "nornlal" years, it 
seems that the first invasion of Norwegian herring to Icelandic waters 
generally takes place in the first half of June. Thc herring pass through 
the East Icelandic Current east of Langanes in waters below 3°C. The 
shoals on migration are usually found in the cold waters near the strong 
temperature front north east of Iceland, feeding on the wintering stock 
of C. finmarchicus and other cold water forms such as C. bperborus, 
Themisto and Euphauciacea. 
I t  is tentatively concluded that the migration of the herring into the 
coastal waters, north and east of Iceland depends on the spawning 
time of C. finmarchicus in the different water masses as well as its density. 
SUMMARY 
The present material on zooplankton, temperature and herring have 
been collected in the Norwegian Sea, from the Faroes along the east 
and north-east coast of Iceland to Jan Mayen as a part of the Norwegian 
herring investigations, in collaboration with Iceland and U.S.S.R. during 
May and June 1961 - 1964. 
Zooplankton was collectccl in vertical hauls from 50 m to the surface 
with a Juday net (1961 -62) and a Hensen net (1963-64). Temperature 
was measured at standard depths from surface to 500 in. A termograph 
measured the surface tenlperature (at 4 m) throughout the cruises. 
Herring were located by horizontal and vertical accoustic fish detection 
devices (sonar, echo sounders). 
The herring have been observed migrating across thc East Icelandic 
Current east or north-east of Langanes in waters below 3°C. The distri- 
bution and migrations of herring in relation to temperature, plankton 
biomass (ml/m3) and the distribution of the copepodite stages of Calanus 
finmarchicus are discussed. 
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ON THE POSSIBILITY OF E S T I M A T I N G  
Y E A R - C L A S S  STRENGTH BY M E A S U R I N G  
E C H O - A B U N D A N C E  OF 0-GROUP FISH 
BY 
OLAV DRAGESUND and STEINAR OLSEN 
Fiskeridirektoratets Havforskningsinstitutt 
INTRODUCTION 
The most commonly used method of estimating relative year-class 
strength in marine fishes is that of comparing the frequency distri- 
bution of the different year-classes in the exploited stocks. For a number 
of reasons it would be very desireable to determine the year-class strength 
at an earlier stage, and the first question that arises in this connection 
is then: at what stage or age in the life history of a fish is the strength 
of a year-class decided ? 
I t  is generally accepted that the natural mortality may be extremely 
high in the very early stages of life, but little is known about the magni- 
tude of the early mortality rate, its variability, and the exact time of 
leveling off. Various authors have suggested that critical periods exist 
during early life when mass mortality may occur. ROLLEFSEN (1930) 
suggests that in the case of the Arctic cod mechanical damage of eggs 
by wave action may have a serious effect. HJORT (1914, 1926) mentions 
mass mortality caused by lack of suitable food immediately after the time 
of yoIk absorption and/or drift of larvae to unfavourable localities. 
The hypothesis of critical periods has been discussed by MARR (1956)) 
who concluded that although catastrophic mortalities, restricted in time, 
will always remain as a possibility, evidence points towards survival at a 
constant rate or at a constantly increasing rate, rather than towards the 
existence of critical periods. 
In  the case of post-larval fish fry, however, a number of workers have 
presented evidence of a proportional relationship between the abundance 
of 0-group fish of a particular year-class and the subsequent abundance 
of the same year-class at older ages (RUSSEL 1935, KNUDSEN 1954, SAVILLE 
1956), and as a working hypothesis for the present investigation it is 
assumed that such a relation does exist. 
During late summer and autumn, fish fry of many species occur 
pelagically off the Norwegian coast and in the Barents Sea, and their 
distribution and abundance may be estimated by a combination of echo 
surveying and fishing experiments with pelagic trawl and purse seine. 
The success of such investigations depends on the fulfilment of the 
following requirements : 
1. a fairly complete and accurate charting of the vertical and horizon- 
tal distribution of the sound scatterers (echo-abundance), 
2. easy and reliable identification of the sound scatterers, 
3. exact measurements of the echo signals received, 
- 
4. knowledge of the relationship between the amount of scatterers and 
the strength of the echo signals, and how this relationship is influenced 
by depth, species, size, density and behaviour of the fish. 
SOUND SCATTERING BY 0-GROUP FISH AND 
THEIR IDENTIFICATION 
Scattering layers have been detected by echo sounding over broad 
reaches of the ocea~ls (HERSEY and MOORE 1948, JOHNSON 1948, TUCKER 
1951, PARRISH and CRAIG 1951). Sometimes observations made by 
different investigators in the same part of the ocean did not conform, but 
later investigations showed that these discrepancies were mainly due to 
differences in echo sounding equipment, especially the operating fre- 
quency. 
HERSEY and BACKUS (1962) distinguished between "scattering groups" 
and "scattering layers", and by their definition the scattering groups 
are discontinuous in the horizontal plane with horizontal dimensions 
less than, or only a few times larger than their vertical extension. These 
aggregations are gencrally of high scattering cross-section and are usually 
attributed to schooling fishes. 
Scatterers which are more or less continuously distributed in the 
horizontal plane, their horizontal extension being many times their 
vertical range, form scattering layers. Commonly these layers appear on 
the record of an  echo sounder as a uniform band of numerous weak echo 
traces. 
The cluestion has often arisen if density discontinuities themselves 
may give echoes to be recorded as scattering layers. I n  the North Sea 
this problem was carefully investigated by M'ESTON (1958), who dernon- 
stratecl that the sharp density gradient, usually present at the level of a 
scattering layer, was not the scattering agent. There is little doubt that 
the scattering layers are of biological or~gin, and planktonic animals, 
including fish larvae, are regarded as the probable source of these layers. 
Fig. 1. Echo-recordings of sound scatterers identified as 0-group herring at night 
(above) and during daytime (below). 
The sound scatterers referred to in the present paper are generally 
distributed in the top layers of water, comprising scattering layers as well 
as scattering groups according to the terminology of HERSEY and RACKUS. 
The vertical extension may reach 50- 100 m during daytime, but at night 
the scatterers usually come closer to the surface. They are then distrib- 
uted in typical layers, whereas during the day they cluster together in 
schools (Fig. I ) ,  i.e. scattering groups as defined by HERSEY and BACKUS. 
During the nineteen fifties sound scatterers were frequently recorded 
in the top layers of water in the Barents Sea and some success was made 
in identifying their cause by U.W.-photography (MIDTTUN and SBTERS- 
DAL 1959). However, until 1959 no systematic routine programme of 
identification was developed. For the present investigation midwater 
trawls have been used and proven successful to obtain samples from the 
depth strata where recordings were made. 
Several attempts have been made to correlate the vertical distribu- 
tion of sound scatterers recorded with the vertical distribution of marine 
animals as determined by capture methods (CUSHING 1963). I n  many 
types of gear, however, and especially in towed gears (i.e. trawls, plankton 
nets etc.), the catch composition is greatly affected by mesh selection and 
different ability of avoidance. Consequently, one cannot be certain that 
the catches obtained with such gears give representative samples of the 
organisms responsible for the observed scattering. 
Various other approaches of identification have been tried, for 
example in Scotland with U.W.-photography technique (CRAIG and 
PRIESTLY 1963). Further developments of this technique have been 
applied by Soviet investigators (FEDOROV, TI~USKANOV and YUDANOV 
1963) who recently reported successful attempts of combining results 
from U.\V.-photography experiments with echo survey data fo1- the pur- 
pose of estimating the abundance of adult Atlanto-Scandian herring. 
During the last few years U.MT.-photography experiments have also 
been carried out at this laboratory, but as yet, the methods and equip- 
ment applied do not seem to be sufficiently well devclopect for routine use. 
DISTRIBUTION OF LARVAE IN RELATION T O  THE 
SYSTEM OF WATER CURRENTS 
During the last decade herring in Norwegian waters have spa~vned 
from the end of February to the middle of March, and mass hatching of 
larvae has been completed approximately three weeks later. During the 
following weeks the distribution of the larvae is determined by the current 
running along the coast of western and northern Norway. During the 
period 1957 to 1964 the major spawning grounds of the herring were 
located between More and Lofoten. 
I n  the northernmost part of this area the main spawning of the Arctic 
cod also takes place, but so~newhat later than that of the herring (March 
to April). When the herring larvae pass the Lofoten area they are mixed 
with cod larvae, and further northwards the pattern of the drift is nearly 
the same for the two species. 
I n  most years the main spawning of the Arctic haddock takes place 
south of the Lofoten area, probably south of 65"N (SZTERSDAL 1952), 
and the spawning period overlaps that of the cod. The haddock larvae 
are also distributed in the surface layers, and consequently have a drift 
pattern similar to that of the cod and herring (WIBORG 1960). 
In  the areas north of Lofoten, the Barents Sea and the eastern part 
of the Norwegian Sea, the distribution of the larvae is largely determi- 
ned by the system of water currents (Fig. 2, modified from TANTSURA 
1959). 
From the shelf off the Lofoten islands the larvae are transported north- 
wards by the coastal current. Passing the banks off Troms, the drift 
Fig. 2. The general current systems off northern Norway and in the Barents Sea 
(modified from TANTSURA 1959). 
becomes more influenced by the Atlantic current, which in this area is 
intensively mixed with coastal waters (L.JI?EN 1962). Before reaching the 
entrance of the Barents Sea, the water masses split into several branches, 
one proceeding northwards, forming the Spitsbergen current. Off Torsv5g 
(70°30'N), where a large shelf is located, two east-going branches separate. 
One of these flows along the coast of West Finnmark (The North Cape 
Current), the other continues into the northern Barents Sea. The North 
Cape Current again splits into two branches, one along the southern 
and the northern slopes of the Goose Bank, the other passing near the 
Murman coast. 
Considering this current system the most extreme distribution of 
larvae hatched during the same year, and being passively transported 
by currents, would be off the western shore of Spitsbergen (Hornsund 
Bank), the south~vestern area of the Central Bank, the Novaya Zemlya 
Fig. 3. The  distribution of 0-group herring (mainly) in late September and 
October 1960. 
shelf, the southern slope of the Goose Bank, Icanin Nos and the inlet of 
the White Sea. 
This distribution is confirmed by the observations made during the 
last few years, which indicate that from August to October fish fry of 
various species are abundant in the surface layers off the coast of northern 
Norway ancl in the Barents Sea, (DRAGESUND ancl HOGNESTAD 1959, 
1962, OLSEN 1960). At the encl of the autumn the fry are concentrated 
along the frontiers between the cold and Ivarin water masses covering 
the area from Spitsbergcn to Bear Island and further to the east and south 
in the central and southeastern part of the Barents Sea (Fig. 3). A con- 
centration also takes place along the coast, especially at the entrance 
of the fjords, whereas between the coast of northern Norway and Rear 
Island the larvae arc less numerous. I n  late autumn the 0-group of 
cod, haddock, and to some extent a170 herring and capelin, descend 
and settle near bottom, and during thc winter months fish fry are more 
rare in the surface layers. 
THE RELATION BETWEEN ECHO SIGNALS AND 
SCATTERING AGENTS 
The echo signal from an individual target in the receiver is transformed 
into an electric pulse of varying voltage (V , ) ,  and the sum of voltages is 
given by : 
1, 
v =  f V , d t  
t ,  
(1) 
when the duration of the pulse is t,-t,. 
When a target passes through the beam of an echo sounder, echoes may 
be received for several successive transmissions, and the total sum of 
voltages of all signal pulses derived from the target i s :  
where 6 is the number of individual echoes received, and V is the mean 
voltage of the pulses. 
The strength and duration of the individual echoes are affected 
by the size of the target, and the maximum strength for fish of the same 
species is found to be a function of the size of the fish (MIDTTUN and 
HOFF 1961, RICHARDSON et al. 1959). 
Scatterers distributed at a constant defith 
The simple case is con~idered that fish of the same kind and size are 
sparsely and evenly distributed in a layer of constant depth, so that there 
is no overlapping of echoes from individual fish. Further, it is assumed 
that echoes from no other type of target are received. 
When a ship with an echo sounder has covered a unit distance, one 
nautical mile, say, a number of ?z fish has passed through the beam, and 
the sum of voltages of all signals received is n times that received from 
one single fish. Thus, the sum of voltages received is directly proportion- 
al to the abundance of fish present. 
When fish are more densely concentrated, echoes from two or more 
fish may be received at about the same time, i.e. their individual echoes 
overlap nlore or less completely and, eventually, when the density further 
increases a continuous layer or a school is formed. 
A school or a layer will always have a vertical as well as a horizontal 
range, and the echo signals received are therefore produced both by 
direct reflections of the transmitted sound pulses and by reflections derived 
from multiple scattering of the sound. On the other hand the strength 
of the signal received from a school is also affected by interference, and 
by the fact that part of the transmitted sound energy is absorbed by the 
school itself. CUSHING (in RICHARDSON et nl. 1959) and MITSON and WOOD 
(1961) found that a square root relationship between catch per effort 
(square root of basketslhr) and the amount of signals received existed 
under certain conditions; whereas SHISHKOVA (1963) found it necessary 
to add a term referring to the effects of multiple scattering, absorption etc. 
The ejfect of variatio~zs in depth distribution 
The absorption of sound energy by sea water is relatively low for 
medium and low frequencies, and within the limited depth range in 
question, i.e. usually less than 100 m, the effect of the sea water absorp- 
tion may be completely neglected. 
Because of the geometrical spread of the sound energy the signal 
voltage from an individual target is reduced proportionally to the square 
of the depth of the target: 
V,oc d-2 (3) 
This reduction may conveniently be adjusted for in the receiver amplifier. 
Thus, if the amplifier is so arranged that the amplification, starting at a 
certain level when a sound pulse is transmitted, increases proportionally 
to the 2"" power of time, the signal voltage produced by the receiver is 
adjusted for the reduction with depth. 
On  the other hand the area covered by the beam increases with depth, 
and consequently also the number of reflecting targets when the target 
density is constant. Thus, the sum of signal voltages produced by a re- 
ceiver in which the signals are amplified proportional to the 2nd power 
of time will tend to give an overestimate of the target density. 
This is a particular problem when there is a considerable variation 
in depth distribution of scatterers. When the vertical range of distribu- 
tion is small, but the mean depth of the scatterers varies with the locality 
(i.e. horizontally), this problem may be overcome by estimating the 
corresponding sum of signal voltages in a chosen standard depth. However, 
in the case of a large vertical range and/or considerable vertical density 
gradients, integration of signal voltages within several different depth 
intervals would become necessary. 
INVESTIGATIONS IN THE BARENTS SEA FROM 
17 AUGUST T O  6 OCTOBER 1963 
I n  order to obtain a more precise and unbiased numerical estimate 
of the amount of echo signals received, an electronic echo-integrator was 
developed to work in conjunction with the research sonar equipment 
onboard the R/V "G. 0. Sars". This instrument is summing a11 signal 
voltages generated by the echo 
sounder received within a set 
time interval (i.e. depth range). 
For each transn~ission any new 
signal voltages from the same 
depth range is added to the 
previous ones, and the result is 
displayed on a special paper 
recorder. A more detailed de- 
scription of the echo-integrator 
is given in Appendix I. The 
integrator is reset to zero for 
each nautical mile sailed, and 
at  present a duo-cl~aniiel sys- 
tem is used. This allows inte- 
gration over two different depth 
ranges at  the same time, or over 
two different signal amplitude 
levels (Fig. 4). 
This apparatus was first 
Fig. 4. Echo sounder recordings of a fish 
used during a cruise in thc Bar- fry layer (top) and the corresponding echo 
abundance in volt from 7 to 50 nl (middle) entS Sea August October 
and 50 to 100 m (bottom) depth. 1963, and its technical perfor- 
mance proved to be successful. 
Figures 5 and 6 show the areas 
covered and the grid of courses steered. O n  the charts are plotted the sum of 
signal voltages per five nautical miles, and iso-lines for equal lcve Is of ccho- 
abundance are drawn as adjusted to a standard cruisingspeed of 10 knots. 
From 17 August to 1 I September (Fig. 5) the main concentrations 
were found between latitudes 71 ON and 75"N, longitudes 28OE and 33"E; 
whereas the survey from 15 September to 6 October indicated that a 
displacement towards the east had occurred, the main concentration 
being then between longitudes 33OE and 37OE. 
Numerous fishing experiments with 10-foot Isaacs-Icidd midwater 
trawl (I.K.M.T.) and a pelagic trawl (P.T.) were carried out, and the 
catches obtained indicated that the sound scattering agents in these 
areas were mainly 0-group herring, cod and haddock mixed with some 
invertebrates (Appendix 11). During the first survey (1 7 August to 1 I Sep- 
tember) a separate area of dense sound scatterers was located west of 
Novaya Zemlya (between longitudes 45"E and 51 "E). These \verc in- 
dentified as being mainly fry of polar cod, capelin and various other 
cold water fish. 
Fig. 5. Echo-abundance distribution as determined by the echo-integrator during the 
survey from 17 August to 11 September 1963. Equal levels of abundance are indi- 
cated by isolines. 
When surveying the Bear Island area in August, the echo-integrator 
was not yet properly adjusted, and consequently integrator readings from 
this area are only available from the second survey. I t  is noted that during 
this second survey fairly high readings were obtained west of Bear Island, 
but unfortunately time did not permit an extension of the survey further to 
the north. However, considering the current system this concentration was 
probably the southernmost part of 0-group fish being transported north- 
~ i a r d s  by the Spitsbergen current. 
Along the Nor~vegian coast aggregations of sound scatterers, identi- 
fied as 0-group herring were found at the entrance of the fjords, whereas 
on the banks off northern Norway (71°N to 72ON and 15OE to 25OE) 
sound scatterers were scalce. This distribution conforn~s with the obser- 
vations macle in previou5 years (see Fig. 3). 
Fig. 6 .  Echo-abundance distribution as determined during the survey f rom 15. Sep- 
tember to 6. October 1963. 
During these surveys a pelagic trawl gave catches of fish fry and/or 
invertebrates whenever it was used at the exact depth where sound 
scatterers were recorded. This experience indicates that the pelagic 
trawl used is quite suitable for the purpose of identifying and sampling 
the sound scatterers, at least up to the size of 0-group fish. However, more 
experiments are needed in order to assess whether the catches taken with 
pelagic trawl are really representative with respect to species and size 
composition. 
From Appendix I1 it appears that the cod predominated over haddock 
and herring in the central part of the Barents Sea, whereas along the 
Norwegian coast the herring were most abundant. The same was also 
the case west of Bear Island. In  the area west of Novaya Zemlya the 
polar cod predominated over the capelin and the various other cold water 
species. 
CONCLUDING REMARKS 
Provided that the design and performance of the technical and elec- 
tronic equipment are adequate, it might be assumed that precise measure- 
ments of the echo-abundance are feasible. The problem of charting the echo- 
abundance distribution in an area with sufficient accuracy is then mainly 
a matter of research vessel time. 
To establish the biological significance or meaning of the echo- 
abundance, however, is a much more difficult problem. Ideally, the echo- 
abundance may be regarded as an index of total biomass of sound scat- 
tering agents in an area, but this index is affected by a large number of 
factors. Some of these are inherited with the equipment and methods 
used (i.e. frequency, power and technical quality, and performance of 
the equipment, operational skill, and how completely the area is sur- 
veyed), and may be accounted and adjusted for. Others are variable and 
to a large extent unknown. Thus, variations in size and species composi- 
tion of the sound scatterers, and above all, their density and local distri- 
bution, will greatly affect the sum of signal voltages received. 
Nevertheless, the problerns encountered do not seem to be unsolv- 
able. Identification is possible by fishing experiments with midwater 
gears (pelagic trawls, purse seine) and perhaps also with the aid of U.141.- 
photography and T.V. 
Quantitative fishing is probably reliable only under certain conditions 
with a small meshed purse seine, but the samples taken with the more 
easily handled pelagic trawl, may give unbiased information regarding 
size and species composition. This question, however, needs further 
investigation. 
Knowing the size and species composition and the target strength 
for each species, their relative contiibution to the observed sound scat- 
tering, i.e. the echo-abundance, may be estimated. In  this connection 
it should be noted that at present the target strength of the various kinds 
of fish fry and its variation with size are insufficiently known. 
Remain then the effects of density variations etc. on the relation be- 
tween the observed sound scattering and the abundance of scatterers. 
One approach is to develop theoretical models, the parameters of which 
may be determined experimentally. Such models would necessarily 
contain several variables, and be rather complex, especially in cases when 
various degrees of schooling occur. I t  is, therefore, suggested to avoid 
variability in schooling as far as possible by surveying areas abundant 
with fish fry during night time when the fish are more evenly distributed 
in continuous layers. 
For this type of distribution, it is suggested to establish directly, by 
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Table 1. Cornparis011 betwcen purse seine catch and echo-abundance index. 
Ullsfjord 
N6g058' E20°10' 
Ullsfjord 
N6g058' E20°06' 
Locality 
Position 
Ullsfjord 
N6g043' E1g043' 
Lyngenfjord 
N6g050' E20°25' 
Date 
Hour 
Hadselfjord 
N68'28' E14"30' 
i 
fishing experiments ~7itIz purse seine, an empirical relationship between 
echo-abundance ancl fish fry present in an area. I n  Septcniber ancl October 
1963 the first experiment for this purpose was made, the records of which 
are given in Table 1. When plotting the respective integrator readings 
against the square root of the numbers caught, five points are obtained 
which fit fairly well to a straight line. Thus, the observations macle so far 
zeem to indicate that this approach is feasible, ancl further experiments 
are planned. 
m range 
SUMMARY 
I 1 I 1 1 I 
Catch in numbers 
The possibility of estimating the distributiorz and abundance of 
0-group fish by a combination of echo surveying and fishing experiments 
with pelagic trawl and purse seine is discussed. 
The existence of scattering layers, their origin, and the identification of 
sound scatterers are discussed witlzspecial reference to observations made in 
recent years off northern n i o r ~ ~ a y  nd in the Barents Sea. The scattering 
layers observed in late summer a i d  autumn in this area consist mainly of 
0-group fish of ~ ~ h i c l z  herring, cod and haddock are most important. 
The transport of the larvae fronz the spawning places in relation to the 
current systelzls is described. The observations indicate that cluring August 
to October fish fry are abundant in the surface layers of the north and 
Her- 
ring 
1 Echo- / abundance 
Vertical , illdex 
Others 
range of echo 
trace in m 
(30 kc,s) 
11-34 Total 
east going currents, a11d by the end of autumn the fry are aggregated 
along the frontiers between the cold and warm water masses covering the 
area from Spitsbergen to Bear Island and further to the east and south 
over the central and south-eastern parts of the Barents Sea. 
The relation between echo signals received from scattering agents 
distributed at  a constant depth and the amount of scatterers is discussed, 
as well as the effect of variations in depth distribution. Special attention 
is paid to the signal strength received from targets uniformly distributed 
in a layer or school of \vide horizontal distribution. 
The needs for theoretical as well as empirical studies of the relation- 
ship between the amount of echo signals received and the abundance 
of sound scatterers are stressed. 
The first results of charting the echo-abundance distribution are pre- 
sented. For this purpose an electronic echo-integrator was developed to 
measure exactly the signal voltages received. 
Some preliminary data on the relationship between echo-abundance 
and the catch of fish fry with purse seine are also given. 
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APPENDIX I 
Short DescrQjtion of the Eclzo-Integrator 
The authors are greatly indebted to Mr. INGVAR HOFF, who has been 
responsible for the developement of the echo-integrator, and the descrip- 
tion given below. 
A block diagram of the complete installation is shown in Fig. 1, and 
the principle of operation is as follows : 
The signals received during a predetermined time interval following 
each transmission of the echo-sounder (i.e. echoes from a certain depth 
range) are fed to an integrator unit (4) which accumulates the signal 
voltages received, and the output voltage of the integrator at any one 
moment is displayed by a separate paper recorder (5). 
This is accomplished by feeding the signals through a gated amplifier 
(2)) here called a signal selector, which is opened by a gate pulse produced 
by a pulse generator (9). The duration of this pulse, which may easily 
be varied, determines the time interval during which signals are fed to 
the integrator. 
In  the case that the integrator is not desired to start at the time of 
transmission (i.e. from the surface), the start of the pulse generator has 
to be delayed for a suitable period of time. This is arranged by a wave- 
form generator (8)) which provides a negative trigger pulse to the pulse 
generator. 
At the moment the negative pulse has reached a certain level, the 
pulse generator starts and generates a gate pulse. This trigger level is 
selected in the pulse generator and enables regulation of the delay time 
between the moment the waveform generator is triggered and the moment 
the pulse generator excites the gate pulse. 
Suppose that integration of the signal voltages between 75 and 150 m 
(t,-t,) is wanted and at the same time the sum of these voltages over one 
nautical mile should be added. At the moment the stylus of the echo- 
I 
' , 
T 1 t o -  I 
1- ~- -- *- - Q 
Fig. 1. Block diagram of the echo-integrator set-up : 
1. Amplifier (Simrad) 7. Echo-sounder recorder (Simrad) 
2. Signal selector (gated amplifier) 8. Waveform generator (Tektronix, typc 
3. Signal rectifier 162) 
4. Integrator (Tektronix, type 0) 9. Pulse generator (Tektronix, type 161) 
5. Integrator recorder (Sanborn, type 322) 10. Pulse deformer. 
6. Transmitter (Simrad) 1 1. Transducer (Simrad). 
sounder recorder passes the zero position (to) a contact in the recorder is 
closed and both the start pulse to the transmitter (6) and the start pulse to 
the waveform generator (8) ai-e generated. After a certain time period, at 
the moment the stylus passes the 75 m position (t,), the pulse generator 
starts, and provides a gate pulse to the signal selector (2). The signal 
selector which was blocked prior to the time t,, will now feed signals from 
the echo-sounder amplifier (1) via a signal rectifier (3) to the inte- 
grator (4). 
Again, after a certain time period, at the moment the stylus passes the 
150 m position (t,), the gate pulse ends, and the signal selector will remain 
blocked until the stylus passes the 75 in position after the next trans- 
mission. 
The stylus of the integrator-recorder is attached to a galvanometer 
instrument, indicating at any one moment the output voltage (of the 
integrator). 
This voltage will remain unchanged unless new signals are received, 
until it is reset to zero at the end of each nautical mile, through a relay, 
connected to the ship's log. The final value of the curveline at  each reset 
provides then a measure of the amount of echo signals received. 
I n  order to adjust the pulse generator easily and exactly to the desired 
depth range, a part of the gate pulse is tapped and fed to a pulse deformer 
(10). This pulse deformer feeds two short positive pulses to the stylus of the 
echo-sounder recorder, the first pulse marking the beginning and the 
second the end of the gate pulse. 
The various makes and types of units used are givcn in the text of the 
block diagram except for the signal selector, the signal rectifier and the 
pulse deformer which were specially designed for the purpose. 
APPENDIX I 
"6. 0. Sars" 17 August to 4 October 1963. Record 
Note: Echo-abundance indices are for 38 kc/s visual classifi 
St. No. 
Position 
Date 
Hour 
17.8.63 
1730 
17.8.63 
2110 
18.8.63 
0320 
18.8.63 
0650 
20.8.63 
0413 
2 1.8.63 
0222 
24.8.63 
0945 
24.8.63 
1053 
24.8.63 
2007 
26.8.63 
1845 
26.8.63 
2050 
28.8.63 
0722 
28.8.63 
1230 
28.8.63 
1339 
28.8.63 
2205 
Gear 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
1.K.M.T. 
I.K.M.T. 
P.T. 
P.T. 
I.K.M.T. 
P.T. 
I.K.rV1.T. 
towed 
I 
1.5 
1 .0 
1 .0 
1 .0 
1.2 
0.8 
- 
- 
1 .o 
3 .0 
1.2 
0.6 
2.0 
1 .o 
Cod 
- 
6 
- 
1 
- 
- 
- 
- 
- 
- 
752 
1 
7 
887 
76 
Catch in numbers 1 1 Other fish 
5 redfish 
3 long rough dab 
- 4 long rough dab : 1 Leptagonzls decagonz~s 
7 polar cod 
2 long rough dab 
- I ca. 100 polar coc 
- I ca. 50 polar coc 1 sea scorpion 
- I 4 long rough dab 1 sea scorpion 
59 
1 14 redfish 
100 capelin 
2 9 long rough dab 
3 L$aris sp. 
2 Lzun&enus sp. 
1 Le,Otagonz~s 
decagonus 
,f fishing experiments for identification of echo traces. 
ations of the echograms, and for 30 kc/s integrator readings. 
Echo-abund. 
No. of fish 1 1 index 1 Remarks 
Evertebrates per n. mile - 38 kc/s130 kc/s 
I I I I 
- Integrator out of function 
- Integrator out of function 
I 
- 
- 
j.5 1 of euphausiids 
!O specimens of diff. 
medusae, 
,a. 200 euphausiids, 
iO amphipods 
jome Clione 
Some amphipods 
11.3 
ca. 100 
jonle Clione, ctenophores and 
amphipods 
1. ccphalopods, some 
Clione, 1 scyhpomedusa 
Some Clione, ctenophores 
- I Integrator out of function 
- 1 Integrator out of function 
I 
- 1 Integrator out of function 
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St. No. 
Position 
Date 
Hour Gear 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
P.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
- 
7 12 polar cod 
Dist. 
1.0 
1.1 
- / - 7 capelin 
5 long rough dab 
3 Lumpenus sp. 
1 Liparis sp. 
15 polar cod 
3 long rough dab 
2 L$aris sp. 
1 capelin 
- 
Catch in numbers 
- rer- Cod Had- 1 Other fish 
rlng dock 
6 Gymnocanthus 
tricuspis 
3 capelin 
2 polar cod 
2 Lumpenus sp. 
1 L$aris sp. 
- 
15 
12 polar cod 
3 Artediellus 
uncinatus 
europeus 
2 Gymnocantlzus 
tricuspis 
3 Gymnocanthus 
tricuspis 
2 Artediellus 
uncinatus 
ez~ropeus 
- 
- 
- 
51 
- 
I 
2 
Remarks 
Evertebrates 
Echo-trace at 100 m, trawl 
did not catch representa- 
me Scyphomedusae 
Integrator reading 5 n.m. 
before station 
Integrator out of function 
'9 0 
APPENDIX I1 
St. No. 
Position 
Catch in numbers 
Date - .- 
Ilour 
I.K.M.T. 
1.IC.hI.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
P.T. 
- 15 polar cod 
1 9 Gyi7i~zoc(~iztl~z1s 
- / 108 polar cod 
6 Arterliellz~s 
zincinatus 
I 2 Z ~ Z ~ e L t , z l s  
lricicspis 
- 152 polar cocl 
6 1  polar cod 
1 Arterliellzrs 
zlncinatzls 
~ ~ ~ T O ~ ~ Z C S  
- '46 polar cod 
2 3  L e j t q o n ~ ~ s  
decagonus 
i 1 long rough dab I 
- 23 polar cod 
12 Leptagonus 
decagonus 
-1 1 polar cod 
1 Lejtagonzls 
(lecagonzls 
23 Lumnjenus sp. 
16 long rough dab 
1 polar cod 
1 Leptagoi~us 
clecagonus 
1 Arterliellus 
uncir~ntus 
europeus 
1 Anarlzichns 
lfltzy~o?zs 
(continued) 
Evertebrates 
Some Scypholnedusae 
Some ctenophores and Clzone 
Sollie Clioize 
Some Clione and 
cuphausiids, 
1 Sagitla sp. 
1 ctenophore 
Some cuphausiids and Clzone 
Some cuphausiids and Clione 
St. No. 
Position 
7 2 
APPENDIX I1 
Date 
Hour Gear 
P.T. 
I.K.M.T. 
P.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
P.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
P.T. 
I.K.M.T. 
I.K.M.T. 
I.K.M.T. 
P.T. 
I.K.M.T. 
Catch in numbers 
720 7 3 Leptagonus 
decagonus 
2 long rough dab 
- - 
1240 7 1 Leptagonus 
decagorzzls 
1 long rough dab 
- - 14 long rough dab 
(continued) 
Evertebrates 
me Scyphomedusae 
ome euphausiids and 
Scyphomedusae 
A few Sc~phomedusae 
1 cephalopod 
Remarks 
Trawl did not catc h 
Trawl did not catch 
Trawl towed above top of 
echo-trace 
Integrator out of function 
Trawl towed at greater depth 
than previous haul 
Trawl towed at greater depth 
than previous haul 
74 
APPENDIX I1 
P.T. 
I.K.M.T. 
P.T. 
P.T. 
I.K.M.T. 
P.T. 
P.T. 
P.T. 
P.T. 
P.T. 
I.K.M.T. 
I.K.M.T. 
P.T. 
St. No. 
Position 
Catch iii nunibers 
-- 
Cod I y:ct 1 Other fish 
175 1 78 1 8 blue whiting 
-
Her- 
ring 
Date Gear 
3 4 blue whiting 
3 1 - 
Dist. 
towed 
- I A few long rough 
- 169 ~ ~ ~ J G ~ O ~ / L Z L I I I  
1 glaciale / 1 blue whiting 
Remarks 
Integrator out of function 
Trawl towed above most dense 
echo-trace 
Likely trawl did not catch 
representativly 
ABUNDANCE ESTIMATES OF BARENTS SEA CAPELIN 
BY 
STEINAR OLSEN 
Fiskeridirektoratets Havforskningsinstitutt 
INTRODUCTION 
The Barents Sea capelin is fished commercially during winter and 
spring when the matule stock enters coastal waters to spawn, and it is 
apparent from the history of the fisheries that great variations in spawning 
time and area have occurred and that the total abundance or stock 
strength has fluctuated widely. The impact of these fluctuations is strong- 
ly felt, not only in the fisheries for capelin itself, but since this little fish 
is a very important food organism for other fishes, changes in total 
abundance and distribution ~ i i l l  have a marked effect on the fisheries 
for other species as well, notably on the fisheries for Arctic cod. 
The Norwegian fisheries statistics contain data on capelin catch, 
number of vessels and duration of season, but it seems that the effects 
of changes in availability, weather conditions, market demands etc. 
are so great that catch per unit effort estimates are of rather doubtful value 
as realistic indices of stock abundance. Nevertheless, it is obvious from 
the output of the fisheries in recent years, and from research vessel obser- 
vations, that the stock of capelin, which around 1960 seemed to be quite 
numerous, has since the season of 1961 declined greatly. The present 
paper describes an attempt to estimate the magnitude of this decline on 
the basis of the available data of age distribution on the mature stock. 
Table 1. Percentage age distribution in the spawning stock of Barents sea capelin, 1959 
to 1964. 
Year / 1959* 1 196O* 1 1961 1 1962 / 1963 / 1964 
-- - 
* i , /  d P  $ 9  d ?  d Q  d ?  $ 9  
2 . . . . . . .  
3 . . . . . . .  
4 ....... 
5 ....... 
6 . . . . . . .  
* Data from PROKHOROV (1960) 
1.8 2.6 
67.0 70.4 
31.2 27.0 
33.1 49.5 
66.1 50.0 
0.8 0.5 
1.2 4.7 
94.2 94.5 
4.6 0.8 
2.0 8.4 
63.9 66.9 
33.9 24.4 
0.2 0.2 
I 
0.2 0.11 0.3 
2.3 7.7 
93.5 91.1 
4.0 1.1 
1.9 6.5 
47.2 58.0 
50.9 35.2 
4 M A T E R I A L  A N D  M E T H O D S  
Fig. 1.  Age distribution o f  the spawning P3 $- p4 + P 5  = I 
stock o f  capelin, 1959 to  1964. 
(1) 
Routine market and research ves- 
sel sampling of mature capelin has 
been carried out by the Institute of 
Marine Rescarch each year since 
1961, and combined with the clata 
collectecl in 1959 and 1960 by tlie 
Polar Institute in Murmansk (PROK- 
HOROV 1960) they provide estimates 
of the age distribution of the spaw- 
ning stock in six consecutive years, i. 
c. 1959 to 1964. (Table 1 and 
Fig. 1). 
I t  is clear that the Barents Sea 
capelin spawn mainly when 3, 4 and 
5 years old and the lack of older fish 
strongly supports the theory of a very 
heavy post-spawning mortality. TEIVT- 
PLEMAN (1948) and PROKIIOROV 
5 20 (1969) have reported observatioiis 
u :60k IL w - 
suggesting lin do survive that to at spavn least for some a second cape- 
when p,, p4 and p, denote the pro- 
portions spa~ming at age 3, 4, and 
5 respectively, of the total number of a year-class (N) which survive until 
the age of maturity. These proportions may bc different for the two sexes, 
and they may also vary from year-class to year-class. 
a 
60 - 
20 - 
the present purpose the small pro- 
portions of seconcl time spawneis 
may be disregarded, as well as the 
2 0 kfew 2 and 6 year-olds, which in so 
6$1 6 Z  6 9  6 ?  6 9  me years occur in the spawning 
2 3 L 5 6  stock. Accordingly : 
A G E 
1963 
sl 
time, and similar observations of 
spent females inatuiing again, were 
made in August 196 1 during a cruise 
with the R/V "G. 0. Sars" to the 
r( Hopen Island banks. However, for 
For three consecutive year-classcs thci-e are the following relationships: 
Ni . iP4 
--
- n 
f l j  . jP3 (2) 
Ni . 4 5  - 
--
flj  . iP4 (3) 
1% . $4 = 
C 
Nl' . k P 3  (4) 
and . iP5 -- - d 
NI' - k P 4  (5) 
where the ratios a, 11, c, ancl c1 are estii~latecl from the pcrccntagc age 
distributions. 
From these equatiolls a formulae for Nj js establishecl: 
Thus, if the parameters for the i-th year-class are known, N, may be 
estimated, providecl some measure of the ratio ,F4/,p3 can be cstablishecl. 
As a first appioxiniation it is assuinecl that this does not cliffcr much from 
that of the j-th year-class ancl hence: 
Dividing (3) with (2) gives: 
ancl, similarly, from (4) and (5) : 
It is noticed that if there were no difference from year-class to year-class 
in the p-values these ratios would be identical. In  this case the year- 
indices inay be dcletecl and only one aclditional information is required 
to calculate p,, p, and p,. 
If no additional information is available, alternative estimates may 
still be possible if the average age distribution can be assumed to indicate 
the right order of- magnitude of the p-values. 
I n  this case, by applying different values of, for example the ratio 
p3/p5, around that derived from [he average age distribution, several 
seiies of- estimates may be made. 
In  the present material of males ,,p, . ,,p5/,,p4 . ,,p4 = 0.0257 and 
,,p3 . ,,p5/,,p4 ,,p4 = 0.0244. Such a close agrcenlent would be expected 
if tlle p-values of these year-classes were neariy identical and it is reason- 
able to assume that this is in fact the case. 
The average age distribution for the years during which these year- 
classes participated in the spawning, gives a value for the ratio p3/p, 
of about 4, and hence, three series of estimates have been made applying 
values 3, 4 ancl 5 for the ratio j,/p5 of these year-classes. These have been 
usecl to esiimate N,, and N,, relative to N,,, ancl to find the parameters 
for the subsequent year-classes by means of equation (7). 
Contrary to that found for the males, in the material of females the 
ratio p3.p,/p,.p4 is not nearly constant for the first years of sampling. 
To follow the salne procedure in the calculatjons as for the males one 
further assumption had therefore to be made, namely that the ratio 
p3/p4 is nearly the same for both the 1955 and the 1956 year-classes. 
Tables 2a ancl 2b give a record of the three series of parameters estimated 
for males and females separately, and in Table 3 are given the corre- 
sponding figures for the estimated relative abundance of the spawning 
stock. 
DISCUSSION 
The material on which these escimates are based are drawn from 
various sources ancl collected in different localities and at different periods 
of the spawning seasons. This might significantly bias the age clistribution 
in the samples, particularly in the case of the females, since the younger 
females seem to be more abundant on the spawning grounds at the end 
of the season than the older ones. For the males, however, no change in 
age distribution during the season has been apparent, ancl the present 
data of the age distributions from 1959 to 1964 is probably more reliable 
for males than for females. 
Nevertheless, it is noticed that the results obtained from both sets of 
data fluctuate in the same manner from year to year. In  view of the fact 
that this good agreement is obtained from two quite independent sets of 
data, it would seem reasonable to conclude that the various assun~ptions 
Table 2a . Males . Estimates of the parameters p3. p4. p. and N . applying different values for the ratio 55p3/56p6 and taking N5. as unity . 
CO Table 2b . Females . o 
Yearclass 
1955 ...... 
1956 ...... 
1957 ...... 
1958 ...... 
1959 ...... 
1960 ...... 
Yearclass 
1955 ...... 
1956 ...... 
1957 ...... 
1958 ...... 
1959 ...... 
1960 ...... 
A 
5 5 P 3 / 5 5 P s =  3 
P I / P ~ / N  
0.203 
0.203 
0.203 
0.066 
0.050 
(0.050) 
B 
55P3/55Pr= 4 
pa 1 P. 1 P ,  1 N 
0.226 
0.226 
0.226 
0.078 
0.061 
(0.061) 
A 
55P3/55P5=; 3 
P 3  I P 4  1 $5 1 Iv 
N 
0.168 
1.000 
1.436 
0.150 
0.061 
0.016 
0.131 
1.000 
1.821 
0.255 
0.145 
(0.050) 
C 
5 5 P 3 / 5 5 P 5 = 5  
PP 1 pa A 
0.730 
0.730 
0.730 
0.917 
0.694 
(0.694) 
N 
0.170 
1.000 
2.273 
0.254 
0.068 
0.011 
0.189 
0.198 
0.189 
0.200 
0.176 
(0.176) 
B 
s s P 3 / ~ s P s =  4 
b3 1 P 4  I P 5  I bT 
C 
55$3/55P5= 
$3 1 k 1 P5  
0.717 
0.717 
0.717 
0.908 
0.716 
(0.716) 
0.068 
0.068 
0.068 
0.017 
0.255 
(0.255) 
0.253 
0.260 
0.253 
0.260 
0.247 
0.247 
0.050 
0.050 
0.050 
0.013 
0.203 
(0.203) 
0.248 
0.248 
0.248 
0.085 
0.069 
(0.069) 
0.093 
0.031 
0.028 
0.002 
0.060 
!0.060) 
0.295 
0.306 
0.297 
0.301 
0.325 
(0.325) 
0.057 
0.057 
0.057 
0.014 
0.223 
(0.223) 
0.702 
0.702 
0.702 
0.902 
0.727 
(0.727) 
0.098 
1.000 
4.060 
0.765 
0.434 
(0.143) 
0.736 
0.777 
0.757 
0.796 
0.687 
(0.687) 
0.665 
0.681 
0.676 
0.697 
0.615 
(0.615) 
0.151 
1.000 
1.601 
0.188 
0.088 
(0.020) 
0.137 
0.100 
2.925 
0.384 
0.144 
0.076 
0.026 
0.054 
0.005 
0.137 
(0.137) 
0.697 
0.732 
0.711 
0.736 
0.063 
0.051 
0.107 
0.036 
0.003 
0.091 
(0.663) (0.091) / 0.033)) 
made in establishing the popula- 
tion model applied and in esti- 
mating the parameters are not 
quite unreasonable. 
In Fig. 2 is shown the esti- 
mated relative strength of the ma- 
ture stock of capelin in the year s 
1959 to 1964. These are the means 
of the estimates for males and fe- 
males from series B in Table 3, 
added with pl ovisional estimate 
of 1964. For comparison the Nor- 
wegian catch of capelin in the 
corresponding years is illustrated 
on the same figure. Except for the 
year 1962, when the capelin did 
not appear at the Norwegian 
coast at all, the trend in stock 
strength estimates is very similar 
-59 -60 -61 -62 -63 -64 
Y E A R  to that of the yield of the fishery. 
Fig. 2. Norwegian catch of capelin (right This tend to indicate that in those 
hand columns) in the years 1959 to 1964, and years whell the are av- 
corresponding esrimares of stock strength. ailable to the Norwegian fisher- 
men, the magnitude of the catch 
is largely governed by the size of 
the stock. 
Table 3. Estimates of relative abundance of the spawning stock of Barents Sea Capelin 
1959 to 1963. 
Males ---I Females 
Year I A B c  A I B I C  
1959 . . . . . .  
1960 . . . . . . 
1961 . . . . . . 
1962 . . . . . .  
1963 ...... 
.454 
1.658 
2.144 
.551 
.I63 
.560 
1.826 
2.046 
.448 
.I12 
.2 18 
1.257 
2.631 
.630 
.285 
.664 
1.930 
1.937 
.384 
.085 
.400 
1.624 
2.387 
.472 
.117 
.564 
1.833 
2.187 
.353 
.063 
NOTE ADDED IN PROOF 
Since the manuscript was prepared a Inore recent work by PROKHOROV (1965) has 
been published, in which the yearly age distribution since 1954 is given for the spaw- 
ning stock of capelin. For a period of several years in the 1950-ies the mean age of 
spawning was much lower than in recent years, i.e. the variation in the p-values is 
in fact much greater than what is apparent froill the material presented in this paper. 
However, the method described would still be applicable for the period dealt with 
during which the age of maturity seems to have varied but little. 
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